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ABSTRACT

The computer program INTAP is intended as an aid in
studying point-to-point, non-integrated, heliocentric conic
section trajectories. It is not restricted to direct planet-to-
planet flight but may include arbitrary points (defined by a
radius vector and Julian date) in a sequence of planets to be
linked by conic section trajectories. The individual conics are
generated as solutions to Lambert's problem and a set of constraint
equations may be imposed upon a sequence of such conics, the most
common constraint being a ballistic flyby of one or more planets
in the sequence. The trajectories are computed at points within
a two dimensional parameter grid, the constraint equations having
reduced the number of degrees of freedom of the system to two,
each of which is associated with an axis of the grid. Contour
plotting is then utilized to generate level surfaces of the
dependent variables.

In addition to the trajectory characteristics, the
information concerning near-planet encounters is computed using
relative velocity vectors of approach and departure (hyperbolic
excess velocities) to determine the flyby orbits within the
planetary sphere of influence.

Abort trajectories, which return directly to Earth
may be generated from any point(s) on a given heliocentric orbit.
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1. INTRODUCTION

INTAP, an application of the Parametric Analysis

Program(l) aids the systematic study of heliocentric point-to-~
point conic section trajectories. The system considered by
INTAP consists of a sequence of "time points" (each of which

is defined by a heliocentric position vector and an associated
Julian date) and the conic section trajectories which link the
time-wise adjacent points. Certain of the dependent variables
(characteristics) of the system may be subject to constraint
equations, the satisfaction of which defines a solution vector
in the independent variable (parameter) space. If the proper
number of characteristics are constrained, then the solutions,
as well as any unconstrained characteristics, can be expressed
as functions of two parameters. These two parameters may be
associated with the coordinate axes of a grid, whose size is
determined by the domains of interest of the two parameters

and whose mesh size is determined by the degree of thoroughness
with which these domains are to be studied. The non-grid solution
parameters and the unconstrained characteristics are then re-
presentable by surfaces, the behavior of which may be analyzed
by means of contour plotting.

As an example of the above description consider a
function fl of three parameters:

£, = £, (x00%5,%3) (1)
which is constrained by an equation of the form:

fl(xl,xz,x3) - Kl =0 (2)
If X and X, are chosen as grid parameters, then at any grid

point (§l,§2), the solution of equation (2) yields:

Xy = x3(§l,§2) (3)
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Repeating this process at each grid point then generates points
on the solution surface Xy = x3(x1,x2). The variable X3 is

termed a search parameter. Any other function of the three
parameters is then also representable as a function of the two
grid parameters.

By obvious extension a function of n parameters
subject to n-2 constraints may be represented as a function of
any two of the parameters chosen to define the grid.

INTAP uses the above techniques in (generally) the
following manner, although several variations are possible:
given the grid and mesh sizes, and information concerning
constraints and non-grid parameters, an initial solution to the
constraint set is sought via a secant method iteration scheme.
The initial solution is propagated over the entire grid, following
which numerous functions of interest are computed and printed
for each grid point. Plotting options are included for graphically
displaying the characteristics as either contours or slices.
Using this information, the feasibility of particular sets of
trajectories may be assessed.

Several auxiliary programs exist for further study
of the solutions. Among these are provisions for generating
abort trajectories which define the requirements for effecting
a direct return to Earth from points on a given heliocentric
orbit. Other programs enable the connecting of trajectories
generated within one grid to those of another grid, assuming a
common grid parameter.

2. METHOD

As stated above, the basic quantity considered by
INTAP is a "time-point", which consists of a heliocentric
position vector and an associated Julian date. A conic section
joining two time points is referred to as a "trajectory leg,"
and a sequence of legs will constitute a "segment"”. In the
most frequently used application of this program, that of
direct planet-to-planet flight, the four quantities which
define a time-point are not independent but are related through
Kepler's laws -- specification of a particular planet and Julian
date uniquely determines the three coordinates of the planet.
However, provision exists for specifying an arbitrary time-point
(other than a planet), whose four coordinates are independent.
This arbitrary point may then be treated as an element in the
set of points to be linked by a sequence of heliocentric trajectories.
(segment). This option may be useful for applications wherein
direct planet-to-planet flight is inefficient, e.g., transfers
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requiring high inclinations, thus necessitating a "plane

change" maneuver enroute. This plane change is effected

by a totally self-induced impulse (as distinguished from an
alteration provided by the gravitational field of an encountered
planet) which generally modifies both the magnitude and direction
of the heliocentric velocity vector.

The computation of the trajectory leg between two
time-wise adjacent points is achieved by means of an iterative
routine which solves Lambert's problem, i.e., given two radius
vectors (magnitudes and included angle) and the flight time
between them find the unique* conic section (in terms of eccen-
tricity and semi-traverse axis) which joins them. In terms
of parameters and constraints, the two time points permit a
maximum specification of eight parameters (TrhyrByatyrlyrdyrByst,)  **

If all eight of these parameters are set to some fixed values,
the conic connecting the points is determined. If one parameter
is free, then one constraint (either semi-transverse axis or
eccentricity) may be imposed, and if two are free (excluding

the combinations(tl,tz),(xl,xz),(el,ﬁz),(Ai,Bj,i=l,2;j=l,2)L

both orbit elements may be constrained. If the time point is a
planet, then the Julian date is the logical choice to be the
parameter since the three other variables (r,»,8) are all single
valued functions of the date. If two time-wise adjacent points

are both planets, then the two position vectors are specified by the
Julian dates and the Lambert leg joining the two planets is deter-
mined and hence neither the semi-transverse axis nor the eccentricity
may be prescriped. However, there is another type of constraint
which may be satisfied in this case and which is often of interest.

Consider three consecutive planets. Let tl and t3 be the grid

parameters and t2 be a search parameter which will be used in
satisfying the ballistic flyby constraint

BV, (E)rtystg) = 0 (4}
an explanation of which follows: for a combination tl'tz't3

the two legs linking planet 1 with planet 2 and planet 2 with
planet 3 may be computed. The velocity of planet 2 is also
computed at t, as are the velocities on the conics inbound to

and outbound from planet 2. If the velocity of planet 2 is
subtracted (vectorially) from the other two velocities, the
results are the relative velocities of approach and departure

3
Assuming prograde transfers of less than 20 rad.

* %
celestial longitude

B = celestial latitude.
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from planet 2 or the "hyperbolic excess velocities" (v_).
When the difference in the magnitudes of the two v_ vectors,
AV2, is zero, a continuous hyperbola may be passed from one

to the other, the passage distance from the planet's center
being determined by the mass of the planet, the magnitudes of
and the angle between the v_ vectors. Thus, for a given t1 and

t3, the non-grid parameter t2 is used in searching for a

configuration such that equation (4) is satisfied.

In more general terms then, given an initial guess
at the state of a set of "time-points" and defining information
as to which elements of the set are parameters and which are
fixed, the simulation portion of INTAP will, based upon the
particular functions for which constrained values are sought,
generate those conics necessary to evaluate the functions and
compute a vector of errors. This vector is fed back to the
convergence routines for use in subsequent iterations. Assuming
that the procedure converges to at least one solution of the
constraint set, the solution will (at the user's option) be
propagated to each point within the solution grid defined by
the user.

As an illustration, consider a hypothetical situation
in which it is desired to depart from Venus, pass Mars ballis-
tically, fly to a time-point, three of whose coordinates (t,),B8)
are fixed, but whose heliocentric radius is a parameter, execute
a plane change maneuver at the time-point, and then arrive at
Earth on an ellipse with a fixed semi-major axis. The significant
characteristics of such a segment might be Venus departure velocity,
pericentron altitude at Mars passage, delta-V required for plane
change, and Earth arrival velocity.

The problem could be defined in terms of parameters
and constraints as follows:

grid parameters

a) Julian date at Venus departure
b) Julian date at Earth arrival

search parameters

c) Julian date at Mars passage
d) heliocentric radius at plane change
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constraints
a) ballistic passage of Mars
b) fixed semi-major axis on third leg conic.

The user must have supplied an initial trial parameter
vector and information concerning the ranges of the parameters.
These data are entered through the various NAMELISTS which are
considered in Appendix A.

At this point, program control will transfer to
the search and convergence routines in an attempt to find an
initial solution to the constraint set. Using the given
parameters, the heliocentric position vectors of the four
time-points are computed in the Ecliptic System.* Then, by
means of an iterative routine, Lambert's problem is solved
for the three unique conics which join the time-wise adjacent
points. The heliocentric velocity vectors on the conics
approaching and departing Mars are found and from these is
subtracted the velocity of Mars on the given Julian date. As
stated, the resulting relative velocity vectors, when equal
in magnitude, define a ballistic flyby of the planet. Assuming
they are unequal on the first trial, their difference is entered
as an element of the error array.

The second element in this array is the difference
between the desired semi-major axis on the third leg and that
which resulted from solution of Lambert's problem on that
leg. The search parameters are incremented and the process
repeated. The resulting three error vectors provide a starting
point for an iteration routine which will force the search
parameters to a solution assuming:

a) such exists and
b) the search range includes points sufficiently
close to said solution.

If this process does indeed converge, the resulting
solution(s) may then be automatically propagated over the entire
grid in a similar manner with the solution at one point used as
a starting guess for adjacent points.

Having filled the grid, the characteristics may be
computed, if desired. 1In this phase of the program, all the
conics are generated, and for each point in the parameter grid
the data pertaining to the conics and the time point encounters
(flybys, plane changes, etc.) can be printed. Coincident with
the printing, save files may be written to retain the data for
future use, e.g., plotting of certain of the characteristics.
Plotting may also be done within the present execution.

*
See Figure 1.



BELLCOMM, INC. -6 -

Had there been another set of trajectories arriving
at Venus over the same range of dates as the Venus departure
range just considered, these two segments could be connected
by either an impulsive or stopover encounter and the total set
of trajectory characteristics for the two-segment flight plotted
and printed.

An impulsive encounter is generated when the last
planet in one segment is the same as the first planet in the
next segment and the times of arrival at this planet in the
first segment match the departure times for the second segment.
In this case the inbound and outbound v_ vectors, although

unequal in magnitude, define a plane in the planetocentric
coordinate system and the minimum single impulse transfer from
one asymptote to the other may be computed in this plane. If
the arrival times in the first segment differ from the second
segment departure times by a fixed amount, the segments may

be connected by a deboost-boost stopover wherein the spacecraft
approaches the planet hyperbolically, deboosts at pericentron
into an elliptical parking orbit for the required stay time
and then boosts back out onto the outbound hyperbola. These
features will be clarified by means of specific examples in
Section 4.

Within the present framework, the program is capable
of dealing with the following parameters if the time-point is
a planet:

a) Julian date
b) radius of a point relative to planet's center
c) latitude of a point defined in the local

planetocentric coordinate system
d) longitude of a point defined in the local
planetocentric coordinate system.

If the time-point is other than a planet, the follow-
ing may be considered parameters:

a) Julian date
b) heliocentric radius
c) celestial latitude

d) celestial longitude.

The constraints which may be satisfied are:

a) ballistic flyby of any body in heliocentric orbit
b) fixed eccentricity of any leg when at most one end-
point is a planet
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c) fixed semi-major axis of any leg when at most one
end-point is a planet.

3. USAGE

The program is structured into five subdivisions,
and a run may invoke any logical subset or all five of the
subdivisions. 1If a run is to start anywhere but at the initial
subdivision, previously generated data must be made available
to the program through either tape or saved FASTRAND files.
Brief definitions of the primary functions of the five sub-
divisions follow:

1. INISOL seeks an initial solution
to the constraints for specified
values of the grid parameters

2. FILGRD propagates the initial solution to
each point within the grid. If
convergence cannot be achieved at
a particular point, that point is
marked to indicate this fact and
the program continues.

3. COMCHA computes and prints characteristics
of the trajectories at each grid
point.

4. AUXPRO combines segments at common dates,
computes and prints impulsive flyby
or stopover characteristics. Generates
aborts.

5. PLTCON generates plots of any of the character-
istics.

The inputs necessary to run INTAP are discussed in the User's
Guide (Appendix A).

4, TEST CASES

Sample outputs from two test cases are included.
The first case, that which was discussed in Section 2, is
a single segment incorporating a plane change maneuver, a
ballistic flyby, and a semi-major axis constraint on one of
the Lambert legs. The following figure conceptually displays the
sequence:
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Plane
Changes
o
Depart O’
Flyby
E? 1.2 A.U.
eArrive

The grid parameters were defined to be the times of departure
from Venus and arrival at Earth. Two other parameters were
the Mars passage date and the radial distance from the sun

at the time-point. The constraints were a ballistic passage
of Mars and a semi-major axis of 1.2 A.U. on the inbound

leg to Earth. A list of the inputs and samples of the output
for both the extensive and condensed printout options can be
found in Appendix F. Figqures 2 and 3 are contours of Mars
Passage radius and plane-change delta-v.

The second sample case illustrates the manner in
which various segments are combined to form complete trips.
A segment was generated which consisted of Earth departure,
(grid Parameter 1), ballistic flyby of Mercury, and then
Venus arrival (grid parameter 2). It can be seen (Appendix
G) that a ballistic flyby of Mercury would pass well beneath
the planet's surface, obviously precluding the use of this
particular set of trajectories but they are intended here
only as an illustration of certain features of the program.
The Venus arrival dates covered the same span as did the Venus
departures in the first example, thereby enabling the connecting
of segments via an impulsive flyby at common grid points, i.e.,
for each Venus arrival (departure) there are ND1xNA2 complete
trajectories consisting of:

a) Earth Departure

b) Mercury Flyby

c) Venus Impulsive Transfer
d) Mars Flyby

e) Plane Change

f) Earth Arrival

where ND1 is the number of Earth departures in the first segment
and NA2 the number of Earth arrivals in the second segment.
Appendix G contains some sample output of the connected segments,
and Figure 4 is a contour plot of minimum transfer velocity
holding the Venus impulsive transfer time fixed at its minimum
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value (JD=43286), the grid parameters being Earth departure
and arrival times. The figure indicates that the transfer
velocity is relatively independent of the Earth arrival time
in the second segment.

The run which produced this second case, i.e.,
generate the two grids, combine them and plot contours required
a computer charge of about 65 units.

5. PROGRAM DESCRIPTION

An attempt has been made to impart a modular structure
to the program. 1In anticipation of future applications, pro-
visions have been made for the inclusion of additional operations
with a minimum of programming effort. Scattered throughout
the program there are 'unassigned options' which are presently
not used but which provide space for the insertion of new code
as the need arises. The logic is set up to handle an optimization
feature although none such exists presently. There are three
specific types of constraint errors that may be evaluated within
the current framework but, again, the user may expand upon this
by inserting either a line of code or by adding additional entry
points to an existing routine, depending upon the type of con-
straint he seeks to satisfy. In either event, the logical
structure has already been included.

5.1 Subroutine Interface

Appendices C and D cross-reference the subroutines
and common sections within INTAP (exclusive of those provided
by PAP). The following functional block diagram displays the
hierachical structure of the major subroutines:
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5.2 Subroutine Operations

Referring to the previous figure it is seen that
the significant input to the user routines is a parameter vector.
From the first two PAP functions, INISOL and FILGRD, this vector
is either an initial or an iterated guess at the solution while
from the third function, COMCHA the vector is a solution. This
vector is transmitted as an argument by either subroutine CONSTR
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or CHARAC to subroutine SETUP. The output from SETUP is a
dimensioned variable containing the components of the heliocentric
position vectors for each of the time-points in the segment.

The position vectors are computed directly from (r,x,B) if the
time point is other than a planet. In the case of a planet, given
the Julian date, the program sequentially determines the mean
anomaly, eccentric anomaly, true anomaly whence the radius which
is decomposed along the periapse and semi-latus rectum directions.
The Euler angles of the planet's orbit determine the elements

of a rotation matrix to transform the vector to the Ecliptic
system. The planet numbers and encounter dates are also stored
in COMMON for each of the points. Those time-points with no
associated parameter will have been stored in the pass through
PAP (wherein the simulator is defined), and as they are invariant,
need be computed only once. The program logic branches at the
return from SETUP to reduce the amount of computation required.
CONSTR checks each pair of adjacent points and determines if

a constraint must be satisfied at either of the points or on the
Lambert leqg connecting them. If so, CONSEG is called to join

the points; otherwise the next pair is checked. This procedure

is continued until all pairs of adjacent points have been
considered. The constrained functions are then evaluated, an
error vector generated, and control returned to the convergence
routines. In CHARAC, all the points are connected since the
parameter vector represents a solution. Using the relative
velocity vectors as input, ENCTR is called to compute the near
planet trajectory data; this data and the Lambert data are stored
in another vector, termed the "characteristic vector," which is
subsequently printed by subroutine PRTCHA.

5.3 Subroutine Description

This section briefly describes the function of each
subroutine (exclusive of those contained within PAP). Explanatory
discussion is included where appropriate. A cross reference
of the routines is to be found in Appendix C.

AUXPRO controlling routine for calling AUX1l and
AUX2

AUX1 combines grids and generates plot files

AUX2 generates abort trajectories

CHARAC controlling routine for computing Lambert

legs and encounter data.

CONSEG computes Lambert leg data and relative
velocity vectors.
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CONST sets all constants (including planet data)
used by the program.

CONSTR evaluates present state of functions to
be constrained and generates an error
vector.

ECANOM iteratively solves Kepler's Equation for

the eccentric anomaly.

ENCONT computational routine for generating
planetary encounter data. Since the
various encounter types require different
outputs, the subroutine utilizes the
FORTRAN V entry point feature such that
for each encounter type ENCONT is called
several times, entering the program at
various points. The entries are defined
as follows:

ENTRY]1 - stores the relative velocity
vectors in COMMON and computes
the sub-solar point coordinates
and the bend angle.

ENTRY2 - computes the spatial characteristics
of the flyby trace.

ENTRY3 - computes the arrival, departure,
and deboost velocity requirements.

ENTRY4 - computes minimum single impulse
hyperbolic transfers.

ENTRY5 - computes additional bend angle
information.

ENTRY6 - computes characteristics unique

to a plane change maneuver.

The reason for using this modular approach
is that the user, rather than having to
write a computational routine for any new
type encounter, e.g., an optimum two impulse
transfer around a planet, can set up a
sequence of calls to ENCONT using the various
entry points and a good deal of the computa-
tional outputs will already have been provided.
He need only supply the code for generating
the double impulse. The COMMON section
associated with the encounter data, PENCTR,
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has several presently unused variables which
have been included in anticipation of future

expansion.
ENCTR controlling routine for calling ENCONT.
EQRTR computes the location of a transfer from

one asymptote to a second such that the
resulting hyperbolii have equal periapse
radii.

FIXPLC computes the components, in the Ecliptic
system, of the radius vector from the sun
to a planet's center, given the Julian Date.

FIXREL converts a relative position vector from a
planetocentric system to the Ecliptic system.

LAMBREL iterative routine which solves Lambert's
problem.
LODCHA in much the same way as ENCONT is structured,

subroutine LODCHA is set up to provide a
modular capability that permits the user to
place those encounter outputs he requires

into the 'characteristic vector.' The entries
into this routine load those elements of
COMMON PENCTR which the user wishes to output,
into the vector CHA in the order he prescribes.
If a new encounter type is desired the user
will provide the code for an additional entry
point and must of course modify the output
routine (PRTCHA) to print the newly created
characteristic vector. The 'unassigned
option' within ENCTR and LODCHA permit
inclusion of new code with a minimuam of con-
cern regarding the logical structure of the

routines.
MANOM computes the mean anomaly given the Julian
Date.
MATELM computes elements of transformation matrices.
OPTRAN computes the location of the minimum ‘v

single impulsive transfer between asymptotic
velocity vectors.

ORBIT given heliocentric position and velocity
vectors, computes orbital parameters.
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PAP main program.

PERXFR computes location of a periapse transfer
between asymptotes.

PRTCHA output routine.
RADMAG computes heliocentric radius components
along perilhelion and semi-latus rectum

directions.

SETUP transforms the parameter vector to a
series of heliocentric position vectors

SLOPE computes the flight path angle.

TRUANM converts eccentric anomaly to true anomaly.

VASTOT computes the virtual asymptote for arrivals
and departures, given the desired periapse
declination.

VELMAG computes velocity components in the orbit
plane.

6. Auxiliary Routines

At present there are three functions which may be
performed by auxiliary routine AUXPRO. The first of these
connects segments which have a common grid parameter. The
second function involves generation of plot files and the
third computes abort trajectories. Regarding the first two
functions, consider the situation with two independent segments
which were generated such that the arrival time at the final
point of the earlier segment and the departure '.ime from the
initial point of the second segment were both grid parameters

(sample case 2). It is then possible to connect these two
segments by means of an impulsave flyby if the two aforementioned
times correspond. If the two grids were separated in time by a

fixed amount, then a deboost stopover could be used in combining
them. AUXPRO performs this function by reading the ‘'characteristic
files' generated by either two or three successive passes ihirough
COMCHA. 1In operating on the data files, AUXPRO will also gecnerate
a plot file if so requested, although, since the plot information
can be a function of only two variables, the user must fix the
value of one or two (depending on whether 2 or 3 grids are oeing
connected) cf the three or four independent grid variables
associated with the entire trip. The input specifications to
AUXPRO are listed in Appendix A. If, when connecting the segments,
1SAA is set 2qual to one, a save file will be generated which
contains all the characteristics of the trip for each point in the
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combined grids. This file may then be processed to produce

a plot file wherein any two of the yrid parameters on the
original files may be considered the total grid parameters and
the values of the remaining parameters set at fixed values the
user chooses.

The third function, abort trajectory generation
requires an initial pass through INISOL and COMCHA to compute
the characteristics of the trajectory from which aborts are
to be made. Having generated this reference "orbit" the
input specifications defined in NAMELIST $ABORT then enable
the calculation of abort trajectories.

7. OUTPUT ROUTINES

The output resulting from the convergznce routines
is defined in Reference 2. The output which describes the
solution characteristics takes either of two forms. The
first is a condensed printout which, it is hoped, will give
the user sufficient information to assess the feasibility
of a given solution grid without requiring an undue amount
of printed output. The more complete output lists all the
Lambert leg data and the encounter charaeteristics defined
in Appendix B. The encounter data are printed sequentially
whether the output represents only a single segment or is
the result of combining segments via AUXPRO.
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APPENDIX A

USER'S GUIDE

This outline defines the various NAMELISTs and the
input variables which must be specified by the user in order

to run INTAP.

Input Lists

Data are entered through five separate FORTRAN
NAMELISTs which perform functions as follows:

SRUNDAT
$SSAVDAT

SPLANDT

$CONECT

SPLTDAT

SABORT
SRUNDAT

Name Type/Size
KON INT/8

IUNIT INT/

reads logical inputs unique to a
particular approach to the machine.

reads inputs which define the system
under consideration.

reads additional planetary or asteroid
data if desired. Data for all nine
planets are included within the program.

reads inputs relevant to the combining
of grids.

reads inputs defining the plotting
operations.

reads inputs defining abort trajectories.

Description

Control sequence indicator. KON(J)=I
(1<I<5) causes subroutine I to be called
Jth in the sequence. The subroutines are
defined in Section 3. KON(J)=6 returns
control to the beginning of the program.
KON (J) >7 causes normal termination of the
execution.

Initial data unit. Defines the logical
unit from which SAVDAT and the appropriate
previously generated data are read if the
program is to be started at a point other
than INISOL, i.e., if KON(1l)>1.
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Name Type/Size Description
ICHSA INT/ Data change indicator. If ICHSA=1

and KON(1l)>1, namelist SAVDAT is read
from logical unit 5 after it is read
from logical unit IUNIT. If ICHSA#1
and KON{(1)>1, SAVDAT is read from
IUNIT only. When KON(1)=1, ICHSA has
no effect.

NFR INT/ Number of frames to be plotted.
Causes namelist PLTDAT to be read
NFR times.
NF14 Plot data file flags. Plot data is
NF15 to be read from the logical unit
NF16 INT/ indicated by the last two symbols
NF17 of the variable name when that variable

is set to 1. If only one logical unit
is being used, these variables may
be ignored.

ISAI Data set save flags. These flags,
ISAF when set to 1, cause the data set
INT/ . . . e
ISAC of the subroutine whose first initial
ISAA is the same as the last letter of the

variable name to be saved.

IPRI INT/ INISOL print flag. The solutions found
are always printed. If IPRI=1, the
search progress is also printed.

IPRF INT/ FILGRD print flag. A display of the
grid points for which solutions were
found and the percentage of points
converging is always printed.

If IPRF=1, solution mapping progress
is printed also.

IPRC INT/ COMCHA print flag.
=0, no results printed.
=K, (Kz1) subrouting PRTCHA
is called at the corner points
of the grid and at points of the grid
defined by the intersections of the
Kth, 2Kth, 3Kth,...,grid lines.

IPRA INT/ Not used.
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Name

IPRP

IPRINT

NAUX

IREAD

INC.

Type/Size
INT/

INT/

INT/

INT/

Description

PLTCON print flag.

<0, no printing.

>1, frame summary table, drum
storage information, and function
arrays printed.

>2, function value and availability
arrays printed.

>3, point selection map printed by
interpolation subroutine.

Controls type of COMCHA and AUXPRO
output. If IPR1INT=0, condensed print
is generated. If IPRINT>0, an expanded
printout is produced.

If NAUX=1, AUXPRO will be used for
combining segments or file manipulation.
If NAUX=2 abort trajectories are to
be generated.

If IREAD=1, program expects $PLANDT
namelist to immediately follow the
$SSAVDAT list. SPLANDT permits modi-
fication of or addition to existing
planetary data. Trips to the
asteroids or a fictitious planet
may be generated by reading the
appropriate data which is defined
in S$PLANDT. The existing data for
the nine planets are taken from
Reference 3.
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SSAVDAT (Items marked '*' are input)

Name Type/Size

*ARATS (I) REAL/30 Ratio of semi-major axis of parking
orbit to planet radius at Ith encounter.
Only applicable to encounter types
1,6,8. (See IENC below).

*DELSTP (I) REAL/30 Stopover duration at Ith time-point
within segment. Applicable to
encounter type 6 only. When connect-
ing segments in AUXPRO, this time is
inferred from data on files and need
not be specified.

*EPS (I) REAL/S8 Maximum acceptable difference between
Ith constrained function and its
target value.

*ICCH(I) INT/5 If the Ith set of characteristics is
to be computed from the grid mapped
from the Jth solution set ICCH(I)=J;
note that the Jth solution must have
been mapped.

*ICM INT/ Convergence method selector (see
Reference 2 for descriptions of
methods) .

*ICS(I) INT/8 ICS(I)=jkm, a three digit constraint
identifier with following inter-
pretation for Ith constraint:

j=0; constraint is at an encounter
j=1; constraint is on Lambert leg;
k; time-point number (j=0) or
Lambert leg number (j=1) with
which constraint is associated;
m; type of constraint where

m=1l » AV constraint

m=2 -. semi-major axis constraint
m=3 - eccentricity constraint

*TENC(I) INT/30 IENC(I)=j, defines the Ith encounter
as type J where;
j departure
ballistic flyby
impulsive flyby
deboost stopover
plane change
arrival

A I 2 N O 4

Ul e
uw o nu un
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Name

*IP1

*IP2

*ISGR (1)

*ISM

*NCG

*NCS

*NSG

*PERDEC (I)

*PSGCON (1)

*P1l1

Type/Size
INT/

INT/

INT/5

INT/

INT/

INT/

INT/

REAL/30

REAL/30

REAL/

_A5_

Description

If IP1=ij, the first grid parameter
is from time-point i and is type j
where;

j=2 -+ Julian date

j=3 - radius

j=4 » longitude or right
ascension

j=5 - latitude or declination

Same as above for second grid parameter.

If ISGR(I)=j, use Jth solution to map
Ith grid.

Search method selector. See Reference
2 for descriptions of methods.

Number of grids for which characteristics

are to be developed.

Number of equality constraints to be
satisfied.

Number of initial solutions to be
mapped.

Desired periapse declination (deg)
at Ith time-point. Specified only
for departures and arrivals. 1If
desired value is not realizable,
program will select its own value.

Passage radius or altitude at Ith
encounter. If PSGCON(I)<1l0, value

is interpreted as PASSAGE RADIUS/
PLANET RADIUS; otherwise it is assumed
to be altitude in N.M; disregarded

if specified for ballistic flyby or
plane change encounter types.

The fixed value of the first grid
parameter while the parameter space
is being searched for initial solutions.
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Name

*p21I
*TARV (1)

*TPD

INC.

Type/Size
REAL/

REAL/S

REAL/ (13,10)

Description

Same as above for second grid parameter.
Target value for Ith constraint.
Time-point definitions. See Appendix

Al for the variable definitions within
TPD.

The following $SAVDAT variables are computed inter-

nally and constitute additional information which is written

on all files to be saved.

LEGS
LENGTH
LNENCR
LNLBRT
NCUSR

NPONTS

NPUSR
SPLANDT

AMU (1)

RHO (I)

SMA (1)

ECC(I)
TPHPAS (I)

FINC(I)

INT/
INT/30
INT/30
INT/30
INT/

INT/

INT/

REAL/20

REAL/20

REAL/20

REAL/20
REAL/20

REAL/20

Number of Lambert legs.

Length of a total characteristic record
Length of an encounter record.

Length of a Lambert leg record.

Total number of characteristics.

Total number of time-points in
segment.

Number of parameters.

Gravitational constant of Ith planet

(ft**3/sec**2). I is ordered
with increasing distance from sun,
e.g., l=Mercury, 2=Venus, etc.

Radius of Ith planet (N.M.)

Semi-major axis of Ith planet's
orbit (A.U.)

Eccentricity of Ith planet's orbit.
Time of perihelion passage (JD-2400000).

Inclination (deg) of Ith planet's
orbit to the Ecliptic.
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Name

OMBGA (1)

PERMIN(I)
VEFRPH(I)
EQATOR(1I)

SCONECT

IGV1

IGV2

KONECT

LIAl
LIA2
LIA3

TFIXED(I)
I=1, IMAX

Type/Size
REAL/20

REAL/20
REAL/20

REAL/20

INT/

INT/

INT/

INT/

REAL/2

Description

Celestial longitude (deg) of Ith
planet's ascending node through
Ecliptic.

Angle (deg) from Ith planet's
ascending node to its perihelion.

True anomaly (deg) of Ith planet's
Vernal Equinox.

Inclination (deg) of Ith planet's
equator to its orbit plane.

If IGV1=jk, one parameter of com-
bined grid is from segment j and
is departure time (k=1) or arrival
time (k=2).

Same as above for second grid para-
meter.

If KONECT=ijklmn, connect grid
developed from solution i (segment

j) to grid developed from solution

k (segment 1) to grid developed

from solution m (segment n). If

only two segments are to be connected,
set KONECT=ijkl with same inter-
pretations.

Logical input unit for first segment

data.

Logical input unit for second segment
data.

Logical input unit for third segment

data.

Values of fixed times to be used in
generating multisegment plots. IMAX
is either 1 or 2 according as there
are 2 or 3 grids. If there are 3
grids, TFIXED(1l)<TFIXED(2). 1If a
stopover is included between grids
and is not a grid parameter for the
combined grid, the arrival time (as
opposed to departure) at the stopover
is to be specified as TFIXED(I).
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SPLTDAT

Name

I0S

FTLT
ALAB
OLAB
LABC
AMI
AMA
OMI
OMA

NFU

IUN*

IS0

IVA

P1IN

*

Type/Size
INT/

HOL/8
HOL/8
HOL/8
INT/
REA/
REA/
REA/
REA/

INT/

INT/10

INT/10

INT/10

REA/10

_.A8_

Description

Plotting option selector.

=0, off-line plots only.

=1, printer plots only.

=2, both types.

48 character frame title.

48 character abscissa label.

48 character ordinate label.

Not used at present.

Minimum value of the frame abscissa.
Maximum value of the frame abscissa.
Minimum value of the frame ordinate.

Maximum value of the frame abscissa.

Number of functions on this frame
(<10).

Logical unit indicators.

IUN(J)=I means that the Jth function
of this frame is to be read from
logical unit I.

Solution numbers. ISO(J)=I means
that the Jth function of this frame
is from the Ith solution.

Variable numbers. IVA(J)=I means

that the Jth function of this frame is
the Ith dependent variable of the
solution. (See Appendix A2).

Interpolation increments for the first
independent variable,

The remaining variables in this table require a value corresponding
to each function to be plotted on the present frame.
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Name Type/Size Description
P2IN REA/10 Interpolation increments for the

second independent variable.

ICD INT/10 Contour plane indicators.
=0, constant function contours.
=1, first variable constant contours.
=2, second variable constant contours.

IAQS INT/10 Abscissa-ordinate selectors.
=0, P(l)/P(Z) IP(Z)/FI or
P(l)/F is the abscissa/ordinate.
=1, the reverse is true.

CMI REA/10 Minimum contour values (used when ICD=0).

CMA REA/10 Maximum contour values (used when ICD=0).

CIN REA/10 Step size between contours (used when
ICD=0).

INS INT/10 Indices of the initial contours (used
when ICD=1 or 2).

LAS INT/10 Indices of the final contours (used
when ICD=1 or 2).

ISI INT/10 Increments of indices (used when
ICD=1 or 2).

SABORT

TOFUST REAL/ Time, with respect to launch, at which
aborts are to begin (J.D.).

TOLAST REAL/ Time, with respect to launch, at which
aborts are to end (J.D.).

DTABRT REAL/ Increment in time of abort.

DTARIV REAL/ Increment in earth arrival time,

NARIV INT/ Number of earth arrivals corresponding

to earliest abort time.
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The following diagram serves to define the above inputs;
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APPENDIX Al

DEFINITIONS OF INPUT VARIABLES TPD(13,10)

A segment may contain up to ten time-points and
for each such point the following data must be entered:

TPD (1,1I) 0. for non-planetary time-point.
a. where a is ath planet from Sun,
e.g., a=1, Mercury, a=2. for
Venus, etc.

TPD(2,1I) minimum Julian Date (JD-2400000.)
associated with time-point I.

TPD(3,1I) maximum Julian Date (JD-2400000.)
associated with time-point I.

TPD(4,1I) increment in Julian Date associated
with time-point I. If TPD(4,I)=0
(in which case TPD(2,I)=TPD(3,I)),
the time associated with time-point
I is considered fixed. If TPD(4,I)#
O and this time has been designated
as a grid parameter via IPl or IP2
then TPD(4,1) defines one increment
in the solution grid. If TPD(4,I)#
0 and this time has not been designated
a grid parameter then TPD(4,I) defines
the search increment.

TPD (5,1) minimum radius (A.U.) associated with
time-point I. If I is a planet, this
value is read in as the number of
planet radii and refers to an incremental
radius which is added to the heliocentric
vector to the planet center.

TPD (6, 1) maximum radius (A.U.) associated with
time-point I. If I is a planet remark
concerning TPD(5,I) is pertinent.

TPD(7,1) increment in radius. Interpretation
is same as given for TPD(4,1).

TPD(8,1) minimum celestial longitude (deqg)
associated with time-point I. If I
is a planet TPD(8,1) may be specified
as right ascension in the local planeto-
centric coordinate system.
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TPD (9, 1)

TPD (10, I)

TPD (11,1)

TPD (12, 1)

TPD (13,1)

- Al 2 -

maximum celestial longitude (deg)
associated with time-point I. If
I is a planet, remark concerning
TPD(8,I) is pertinent.

increment in celestial longitude
(deg). Interpretation is same as
given for TPD(4,I).

minimum celestial latitude (deg)
associated with time-point I. If

I is a planet TPD(11l,I) may be specified
as declination in local planetocentric
coordinate system.

maximum celestial latitude (deg)

associated with time-point I. If
I is a planet, remark concerning

TPD(11,I) is pertinent.

increment in celestial latitude (deq).
Interpretation is same as given for
TPD (4,1).
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APPENDIX A2

VARIABLE ASSIGNMENTS WITHIN DATA RECORDS

If any of the characteristics are to be plotted,
the variable IVA(J) must be set in the SPLTDAT namelist. The
means of so doing is best illustrated by an example. Assume the
following sequence of encounters:

Ballistic Impulsf%e
flyby flyby

Depart Arrive

If the passage radius at the second time-point were to be
plotted, IVA(J)=220 where the first '2' indicates the second
time-point and the 20 indicates the twentieth variable in

the encounter record for a ballistic flyby. Appendix B lists
the locations within the data records of the various trajectory
characteristics. As another case, for plotting the departure
velocity from the third point, set IVA(J)=307. If plots are

to be generated from multisegment trajectories, the value of IVA
should be preceded by a l(one). For example, if three segments
were connected which had the following configuration:

12 3 45 6 7 8 9 10 11 12 13 14

and departure velocity from point 11 (assume an impulsive flyby
encounter), were to be plotted, set IVA(J)=11107. If the

same variable were to be plotted for point 6, set IVA(J)=10607.

If non-grid parameters are to be plotted, the parameter number
should be preceded by a minus sign. For example, in the following
configuration point 3 might be a time-point whose heliocentric
radius is the parameter to be plotted:

[e) -]

1 2 3 ‘t:l
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the times associated with points 1 and 4 might be grid parameters
and a ballistic flyby is to be found at point 2, so that for
each grid point the record would appear:

ICONV PlL P2 P3 P4 Cl C2 C3 - ===~ - - -

if radius at point 3 had been defined as the fourth parameter
set IVA(J)=-4.

The value of IVA read in via the data deck is
decomposed by PAP and then reconstructed to determine the
location, within the characteristic record, of the particular
variable to be plotted. This is done as follows: PAP,
based upon the variable IENC associated with each time-point,
assigns to that point a variable 'LENGTH' which specifies
the number of words written for the particular encounter type
plus the number written for the Lambert leg elements defining the
conic connecting the present point with the next point in the
segment. Then if IVA (J)=nlm, the value of IVA(J) stored internally
is,

n-1

2 LENGTH (k) +1m+#parameters-2
k=1
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Var.

10
11
12
13
14
15

16

17

No.

APPENDIX B

VARIABLE ASSIGNMENTS WITHIN ENCOUNTER RECORDS

Departure, Arrival, Stopover Encounter types (IENC=1,8,6).

Name

NPLNO

TIMEIN

VIN

RASIN

DECLIN

TIMOUT

VOuUT

RASOUT

DECOUT

BA

RASCSP

DECLSP

DELPSI

PSI1

PSI2

PLINC

POMEGA

Definition

planet number

arrival time at encounter
magnitude of v_ inbound

right ascension of v_ inbound
declination of v_ inbound
departure time from encounter
magnitude of v_ outbound

right ascension of v_ outbound
declination of v_ outbound

bend anale

right ascension of subsnlar point
declination of subsolar point
excess or deficiency in natural bend angle
natural bend of inbound hyperbola
natural bend of outbound hyperbola

inclination of flyby trace to planetary
equator

longitude of ascending node of flyby
trace measured with respect to planet's
vernal equinox.
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Var.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36
37

No.

INC.

Name

OMEGA1

OMEGA 2

OMEGAP
ALPHP
DECLP
PALT
PRAD

ARATIO

AENM
VAPO

VELC

VELPE

VELPH1

VELPH2

DELVC1

DELVC2

SUMVC
DELVE1
DELVEZ2

SUMVE

Definition

angle between ascending node and inbound
asymptote

angle between ascending node and outbound
asymptote

angle between ascending node and periapse
right ascension of periapse

declination of periapse

altitude of periapse

radius of periapse

ratio of semi major axis of deboost
ellipse to radius of circular parking
orbit

semi major axis of deboost ellipse

velocity at apoapse of deboost ellipse

circular velocity at periapse of deboost
ellipse

elliptic velocity at periapse of deboost
ellipse

velocity at periapse of inbound
hyperbola

velocity at periapse of outbound
hyperbola

velocity impulse required for circular
deboost

velocity impulse reguired for circular
boost

total Av required for circular stopover

same as three previous definitions
applied to elliptic stopover.
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following:

var.
38
39

40

41

42

43

44

45

46

47

Ballistic Flyby

1

2

No.

B3 -

The following 10 variables pertain to the Lambert
transfer orbit connecting this time-point (I) and the one

Name

ELPSD ( 1,1)

ELPSD ( 2,I)

ELPSD ( 3,I)

ELPSD ( 4,I)

ELPSD ( 5,1I)

ELPSD ( 6,I)

ELPSD ( 7,I)

ELPSD ( 8,1I)

ELPSD ( 9,1)

ELPSD (10,1I)
(IENC=2)

NPLNO

TIMEIN

VIN

RASIN

DECLIN

TIMOUT

VOuT

RASOUT

Definition
semi-major axis
eccentricity

outbound heliocentric velocity
magnitude

outbound flight path angle
true anomaly of departure

inclination of transfer with respect
to departure planet's orbit

inbound heliocentric velocity mag.
m—inbound flight path angle
true anomaly of arrival

inclination of transfer with respect
to arrival planet's orbit

Same definitions as previously
given
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Var. No.

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24-33

Single Impulse

1

2

Name

DECOUT
BA
RASCSP
DECLSP
POMEGA
PLINC
OMEGA1l
OMEGA 2
OMEGAP
ALPHP
DECLP
PRAD
PALT
VELPER

DELVBL

Flyby (IENC = 3)
NPLNO

TIMEIN

VIN

RASIN

DECLIN

TIMOUT

vouT

RASOUT

B4 -

Definition

Same definitions as previously
given

velocity at periapse
v in| - |v_out]

Lambert Data

Same as previously defined
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var. No.

10
11
12
13
14
15
16
17
18

19

20

21

22

23

24
25
26
27
28
29
30

31-40

Name

DECOUT

BA

RASCSP

DECLSP

DELPSI

PSI1

PSI2

ALTTR1

RADTRI1

DELVT1

GAMT1

THE1T1

THE2T1

VTINT1

VTOUT1

PLINC

POMEGA

OMEGAl

OMEGA2

OMEGT1

ALPH1

DECL1

_B5_

Definition

Same as previously defined

altitude of optimum transfer
radius of optimum transfer
minimum Av to execute transfer

flight path angle of transfer
velocity

true anomaly of transfer on inbound
hyperbola

true anomaly of transfer on outbound
hyperbola

velocity on inbound hyperbola at
transfer point.

velocity on outbound hyperbola at
transfer point

Same as previously defined

angle between ascending node and
transfer point

right ascension of transfer point
declination of transfer point

Lambert Data
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Plane Change Maneuver (IENC=7)

Var.

No.

10
11
12

13

14

15

16

17-26

Name
NPLNO=0
TIMEIN
VIN
RASIN
DECLIN
TIMOUT
vouT
RASOUT
DECOUT
BA
RASCSP
DECLSP

ALPH1

DECL1

DINC

DELVTI1

Definition

time of arrival at point
heliocentric inbound velocity
not defined

not defined

time of departure from point
heliocentric outbound velocity
not defined

not defined

bend angle between heliocentric vectors
not defined

not defined

angle between extended radius vector
and projection of Av into arrival plane

angle between AV and projection of
same into plane of arrival orbit.
dihedral angle between inbound and
outbound planes

|av|

Lambert data
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APPENDIX C

SUBROUTINE CROSS REFERENCE

Subroutine Calls

AUXPRO AUX?2
AUX2

AUX 1 ENCTR
PRTCHA

AUX 2 CONSEG
ENCTR
PRTCHA
SETUP

CHARAC CONSEG
ENCTR
FIXPLC
SETUP

CONSEG BSTST*
LAMBRE
MATELM

CONST NONE

CONSTR CONSEG
FIXPLC
SETUP

ECANOM NONE

ENCONT BSTST
EQRTR
MATELM
OPTRAN
PERXFR
SUBSOL
VASTOT

* . . .
BSTST is a set of routines which perform vector and matrix
operations. Written by J. E. Holcomb.
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Subroutine

ENCTR

EQRTR

FIXPLC

FIXREL
LAMBRE
LODCHA
MANOM

MATELM
OPTRAN

PAP (main program)

PERXFR
PRTCHA
RADMAG

SETUP

SLOPE

SUBSOL

Calls

ENCONT
LODCHA

NONE
BSTST
ECANOM
MANOM
MATELM
RADMAG
SLOPE
TRUANM
VELMAG
BSTST
BSTST
NONE
NONE
NONE
NONE
AUXPRO
CONST
FIXPLC
FIXREL
NONE
NONE
NONE

FIXPLC
FIXREL

NONE

BSTST
ECANOM
MANOM
MATELM
TRUANM
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Subroutine

TRUANM

VASTOT

VELMAG

Subroutine

AUXPRO
AUX 1
AUX 2
CHARAC

CONSEG

CONST

CONSTR

ECANOM

ENCONT

ENCTR

EQRTR

FIXPLC

FIXREL

_C3_

Calls
NONE
BSTST

NONE

Called by
PAP
AUXPRO
AUXPRO
COMCHA
AUX 2
CHARAC
CONSTR
PAP

INISOL routines
FILGRD routines

FIXPLC
SUBSOL

ENCTR

AUX 1
AUX 2
CHARAC

ENCONT

CHARAC
CONSTR
PAP
SETUP

PAP
SETUP
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Subroutine Called by
LAMBRE CONSEG
LODCHA ENCTR
MANOM FIXPLC
SUBSOL
MATELM CONSEG
ENCONT
FIXPLC
SUBSOL
OPTRAN ENCONT
PERXFR ENCONT
PRTCHA AUX 1
AUX 2
COMCHA
RADMAG FIXPLC
SETUP AUX 2
CHARAC
CONSTR
SLOPE FIXPLC
SUBSOL ENCONT
TRUANM FIXPLC
SUBSOL
VASTOT ENCONT

VELMAG FIXPLC
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APPENDIX D

COMMON SECTION CROSS REFERENCE

Subroutine COMMON Sections
AUX 1 AUXPLT
CONFAC
MCL
USER
AUX 2 USER
CHARAC USER
CONSEG CONFAC
PLANET
USER
VHELIO
CONST CONFAC
PLANET
CONSTR USER
ECANOM NONE
ENCONT CONFAC
PENCTR
PLANET
USER
VHELIO
ENCTR USER
EQRTR CONFAC
PLANET
FIXPLC PIANET
USER
FIXREL PLANET
USER
LAMBRE CONFAC
LODCHA CONFAC
PENCTR

PLANET



BELLCOMM, INC. - D2 -

Subroutine COMMON Sections
MANOM CONFAC
MATELM NONE
OPTRAN CONFAC
PENCTR
PLANET
PAP (main program) CONFAC
MCL
PLANET
USER
AUXPLT
PERXFR CONFAC
PRTCHA USER
RADMAG NONE
SETUP USER
SLOPE CONFAC
SUBSOL CONFAC
PENCTR
PLANET
TRUANM CONFAC
VASTOT CONFAC
PENCTR
PLANET

VELMAG NONE
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COMMON Section

AUXPLT

CONFAC

MCL

PENCTR

PLANET

USER

VHELIO

- D3

Used In

AUX1
PAP

CONSEG
CONST
ENCONT
EQRTR
PAP
LAMBRE
LODCHA
MANOM
OPTRAN
PERXFR
SLOPE
SUBSOL
TRUANM
VASTOT

PAP

ENCONT
LODCHA
OPTRAN
SUBSOL
VASTOT

CONSEG
CONST
ENCONT
EQRTR
FIXPLC
FIXREL
PAP
LODCHA
OPTRAN
SUBSOL
VASTOT

AUX 1
AUX 2
CHARAC
CONSEG
CONSTR
ENCONT
ENCTR
FIXPLC
FIXREL
PAP
PRTCHA
SETUP

CONSEG
ENCONT




BELLCOMM, INC.

APPENDIX E

FILE ASSIGNMENTS

PAP Subfunction Input Files OQutput Files
INISOL - 8,9,10
FILGRD 8,9,10 11,12,13
COMCHA 11,12,13 14,15,16
AUXPRO 14,15,16 17.18

PLTCON 14,15,16,17,18 -



APPINL X F

KONZ1920 306 IPRINLT=1,15AC=1,

$END

I1SoR=1y

ICCH=1»

WCDZ2

TARVZUW» 1,20

= g 000y JOUUS,
[LCa1e2070 8

izl

Y IR e=1* A

CHTdlel oy
SoCUZIUCer Gar Ny n 10,y

Ve DPLCLL) 213,y PERDEC UYL .
ATSZ1,r0erUerly

LU P-P N R AL N PN T P LA RS £ 31 )

GetBOODU e e 426000, v U4l s (i,

e o BT 2 82780 00r s 7veSr 1o o2, 0200

U'o'“\)hl(:o "43\;3?”.'2.'0*”.'
1D

cdadaCALL INISOL AT TIWT 28:%010

Pl = JHAZAONGENS
LUTBLL 5 1TeS PF =z JHA2NA000405
Pl o= CH3ITEANAN+TH
AUTRuS o ITe PR = JUATASOOGHNT
pI = LRI ENIN0EDS
GU Lo o ITes bF LUR 00495
1 AN N00495

SH3256000495
43286000405
SH3285000405

ITis PF
°1
ITHS  PF

wUiBLos 9

U I S

SUTBLS 4

PI = CHETEHN00405
SAXRITK 2u ITRS PF 3236000405
Pl = 243284000405
wUTBLL ¢ 1TSS PF HA32H6000+495

LU32050004089
JHAZHH00045
SUIPRAONN+S
SH32R/0ONG4N5S

Pl
1TSS PF
Pl
ITeZ  PF

i.r‘!TF?u(_) 1

JUTBUSL L

A N AR R N E A ]

Pl LU32550.0005

LUTHLS 1 ITaL PF R R T A AR L)Y
il = SHI2HGEN0ED

JUTBLS 1L ITRYS  PF = 3256000405
FI = SU32RAN00+1H

Winus 1 1TSS pPF = 43285000405
Pl o= JH3286000+05

wUTCu> 1 TTRS PF = 3286000405
PI = LA3285000405

wUTBUS 1 ITRS PF = 43286000+05
PI = 43286000405

GJUIBLS 1 ITRS PF o=z <432R6N0N0+4N5
1 = «83286000+05

UTRBRuLL 1 ITrS PF = «432R50N00405
Pl = C43285000+05

JUTHRUS L IT-S wF = JH32RH000405
I = 43286000405

JTpus L ITRRS PR = JU43295000405

s i ¥,y

ERNAC AR A

FETEL TR BAN N BN
JH3TANGRINR
LUdslaunn+nn
AT R AT R T
fH4 31NN NS,
LA4% 1nngn+ns,
L3I NNON4+0"
A3 InnnnNgnr,
LH3TIN00N+0Y
JU3TANNA+HE
LB 10NN
LH3EIN,N0+0Y
JUIINNNN4NS
JH321NNDN4NYS
L43.010000405
S4Bl annneny
L3 tlinnagsne,
3510000 +04
L3410 4+08
432100 04+0%
R AR SR RS
4351000040
Lu3alnnon4 0y
JEERa1nngn+ns
43510000405
LU3INNNN+0S
L3 taunn4nyg
L3RI NNNGE05
LH438100004+07,
L43210000+40%
Ju3alnnpn+n:
243510000 +0,
LA3elnannee
SH433100070+05
0“"3»‘310{.‘00*0?3
JHEAINOON+0S

R (IR R
SR A R S RS

L4 7
a PR S R
. - .
W 3ERRT0e0N
t < . o
14 ARIE Y
FIENTESTE SR
ot AT

7 REAR| ks
L3 T
e it R e O
FER A [
* ’

TS S I

TSt ol sl U

5 AT
AU TVISSARS IR LTS

2

)

3

it
L0
!

SHBINOGITH0
ARG TER250 Y
SHBANO

SR AT NV

R L N R
S RN LRI
T B SO ER A tit

SURATDN ] E 0y
LOHAESO N, R0E

.’;_X'ﬂ‘! R RN S TN

T ailhy

- A
P VP N SR

s TR 19 PR

.
R P R I
LAGOGGD 30w
VAV REN B S S
}}H [ NA T I el
e SRR SRR
NEDERSEI R ERRENR e
ANl abany T
SPAndynaner
e F 5, Tyt
L1208 0y 0
LAIT0G T T
W IOy
FUNRS FRRVEDR SI
SR RUUNTE
AR R I
R IEES AP RS B LIS
1
! '
)
ST '
ST AT )
LAy [
RS DR
a T D
PR AR !
258 NIASS
. ~F '
I
s ER
Fial

[

VAL R LA TR AN,



wuTBLS
ouTBLS
vuTBLS
CUTRUS
QUTRDS
VUTRUS
wUTHBLS
OUTRHLS
ouTRwY
conVer
LONVLE
COnVen
VUTBLS
SUTRuD
ouTBLS
SUTRLS
SUTRLS
QUTBULS
cUTBRLS
uuUTBuS
wuTBLS
QUTBLS
JUTRLS
GUTRBLS
ouTBuS
ouTBLS
ouTBLS

GUTBUS

2 SULUTIOIN(S) FGUND

1

1

ITRS
ITRS
ITRS
ITils
ITRS
1TRS
1TRS

I1TRS

I1TRS

1TRS
TTRS
ITRS
ITRS
T1TRS

ITRS
ITRS

ITRS
1TRS
I1TRS
ITRS
ITRS
ITRS
ITRS
ITRS

ITRS

P1
PF
Pl
PF
P1
PF
Pl
PF
PI
PF
PI
PF
PI
PF

PF

L L L L L O L L O e L A L T T N L TR I N I L N TR T R TR T T R TN TN IR TR IR R R R RN IR R R R R I R TR IR ]

«43286000+05
243286000405
43286000405
43286000405
.43286000405
43286000405
43286000405
SU32406000405
43286000405
43286000+05
H32R0004+05
«332860N00+05
L43285000+05
+432R5000+405
43285000405
43286000405
«H32RAHOND+NS
43226000405
J43286000405
43286000405
43286000+05
«43286000+05
«432R6000+05
43286000405
43236000405
«J43286000+05
«432356000+05
43286000405
43286100405
3286000405
S432R26000+0N5
43286000405
«43286000+05
«43286000+05
43285000405
43286000+05
43286000405
~U43286000+05
.43286000+405
«U32R6000+05
43286000405
«U432K5000+4+05
«43286000+05
«43286000405
«43286000+05
«43286000+405
+43286000405
43286000405
43286000405
43286000405
«43286000+405
43286000+05
43286000405
43286000405
43286000405
«432836000+05

F2

43310000405
438101000405
43310000405
LU4391N000405
JU43B10NONH0DY
JU3L10001+05
LU3ININNNNHGE,
LA3XIP0NN405
43810000405
43810000405
JU3RINDO0+05
LU3einnpn+0s5
J43210n0N+05
43R 10N0N+05
JU43RINNON405
4381 000N+0%
43810000405
43810000408
243810000405
«U3810000N+05
43810000405
43810000405
JU38LNNNN+05
243810000405
43310000405
JU438100060+05%
43310000405
«43810000405
43810000405
«43310000+405
43810000405
43310000405
43310000405
+43310000405%
«43810000+05
«43810000+05
«43810N00040%
o“38100“040c)
43810000405
43810000405
L43810000+40%
43810000405
LA331nnaN+05
o“3@1—}n()0+05
43210000405
«U43310000+405
43810000405
2U43810000+05%
C432100004+05
43810000405
J43810000+05
w43731000N04+05%
LA 0N00+NY
43310000405
43810000408
43816000405

43550000+05
JU3219376+05
2U3IHRNN00405
312375405
L H3S58NNN0+0%
JU43061125405
»13580000+05
L42a770n0+405
LB3550000405
LA2829751+405
JU3LR000N4+05
2800251405
LHU355000N405
L427115004+05
L 43550000405
JU2618500409
JU3IH/0000405
JU2526501+405
435Q0000+05
JU43512332+405
«143590000+05
«43513060+05
+43590000+05
«43512098+05
«U3590000+405
LU43525090405
43590000405
43425375405
«43500000+05
LU35N0017405
L843590000+05
L325N6329405
<U43590000+05
43877710405
LU353N0000405
243442813405
«435anN000+405%
43402313405
43590000405
A23ISETH04+0S
J43590000+08%
«UI3NT251405
13590000408
3254625405
s, 4357N000+05
43199750405
JHIBI0000+405
J43142750+405
LU35900004+05
43150000405
43500000408
+43025000+05
13590000405
LU2966001+405
.43590000+05
JH290T7500+405

.16999999+01
.28113022401
.17999999+01
32829819401
«13999939+n1
. 38071060401
.19999999401
43848207401
.20999999+n1
.501725774n1
.21999999+n1
.57054901+n1
.229999994n1
L64511719401
23999999401
.7255213854n1
24999999411
.81146219+01
«70000040=00
«77413064=N0
«79999999=00
cT7412859=00
.89999994=00
<77413055=00
«99999993=n(
«77893695~n0
.1100000u+n1
«27839925=00
.12000000G401
.11999714+n1
.13000000401
.142809534+01
. 13999999401
.17001667+01
«149999994+01
.20209084+401
.15999999+01
«2390964564+01
.16999999401
.28112946401
.17999999+4n1
.32829895401
18999999401
.38070907+01
.19999999+n1
L43848267+01
.20999999+n1
.50172577+71
21999999401
.57055359+01
22999999401
. 64511719401
.23999990+n1
.72551880+11
«24999959+01
.81186523+01



F3

L LILET2 NS
43512549405

3810000405
C43R100N0+05

1 2U43286000+05
2 143286000400

#xxxxSYSIEY EVALUATED 0 TIMES IN IMISOL a%x&xx
sxxk&CALL FILGRD AT TIME 23:95% 114,63 34%**%%x*

«xx*x AP SCLUTIOW NO. 1%k kk%

fTT7TH13071-00
7742090400

Pl = 43286000405 4321rannN+08% LU343U4T2405
CcOVin ITRS PF = L43286000+05 243810000405 cH343UYTHRE0E
Pl = 243288001405 «A43310000+05 JUBLILLT2H0S
CONVLn ITKS PF = «43288001+15 «43810000+405 JH3URU3ITIH0S
FI = JU4328A000+405 LU43812001+405 LUBLIULT2405
COVix ITRS PF = J43206000+405 .,43812001+05 LB3434369405
Pl = 43288001405 +438120n01+405 S43434472405
COVeR IThS  PF = .43288001+05 243812001405 LU343U2T7T7+05
PI = ,43288001+05 L43814000+405 JUBLINIR24+0S
COnVe ITS PF = «43288001+05 43814000405 SU3834183+05
P1 = «43290000+05 43812001405 JAUIUTRIBEH0S
e 0 IV ITKS  PF = L43200000+05 «43812001+05 JU3UTIL163405
FI = «43286000+05 «43814000+05 JU3LB4261405
COlVekr ITRS PF = 43286000405 «43814000+05 <U34342794+05
PI = 43290000405 43810000405 LUZUIUDTOH05
cOWVir ITRS PF = 43290000405 «43810000+05 JUBUIU2ETH0S
PI = « 43286000405 43816000405 L,u34384191405
COINVeR ITRS PF = 43286000+05 43812000405 L43430134+05
PI = «43292000+405 43810000405 LU3U3INIEN+05
COVer ITRS PF = +43292000405 143810000405 H3434169405
PI = L43286000+405 «4381/8001405 243438110405
COIVER ITRS PF = 43286000405 43810001405 LH3UTUTIIT4(0S
FI = L43283001+05 43816000+05 243430 104+05
CONVLR ITRS  PF = 43288001405 43814000405 L43434108+405
PI = «43290000+05 L4381400N0+05 JU3LTLUORTHOS
OV ITRS  PF = .43290000+05 L 43814000405 SA3UTU0AZ+(05
PI = .43292000+15 43812001405 LH34IUOSN+05
CO4VeR ITRS PF = 43292000+05 43812001405 JUILIU0HI405
PI = «43294001+05 243810000405 LAZUILNT24+05
CONVER ITRS PF = 43294001405 «43810000+05 LUBUIUOTNHYS
PI = J43286000+405 s 4332000N+05 LUBUIUNT2H0S
COtiVeR ITRS PF = L43286000+05 43820000405 JHILIUNKEDHYS
PI = 43288001405 v43218001405 LU3L4TL1334+05
CONIVER ITRS PF = .43283001+05 43818001405 LU343U0045408
PI = 43290000405 «43816000+05 LU3URUN21405
CONVER ITRS PF = «43280000+405 J4331A0004+05 LU343U010405
PI = «43292000+05 43814000405 SU43LIL0N3+0S
CONVER ITRS PF = «43292000+05 J43814000405 JH34340N0405
PI = 43294001405 «43312001405 JU43433073405
CONlVER ITRS PF = 43294001405 43312001+05 B 3LFI0ALHGS
PI = «432833001+405 L43320000+05 SU34IU0E2+05
CONVER ITKS PF = 43288001405 «43320000405 LU34339874+05
Pl = «43290000+05 L43818001+05 LUILIZG55405
CONVER ITRS PF = «43290000+05 43318001405 JU3UII0RI4(0S
P = «43292000+405 «4331/000+405 +U43433931405
CONVER ITRS ©F = 43292000405 «43316000+05 J4343393R+05

77413071 =-00
W 7THLA0T73=00
. 77413071=00
a7 7415072=00
L7741 50 71=-00
« 73724423200
77413071 -00
7RO 2L4 [ =0U
JH0HTHY1IL=-NU
504D 230=00
« 78344200-00
. 7892447 73=00
L0479l -00
«50454240-00
e 77413072-00
LT774130706=-00
E8190i275-00
LH51943337-00
. 77413059=00
«T77413072-Nu
LB3H32335H-00
LB3411283=-00
L81943307=-00
L81943070=-0n0
L80454241-00
LB0454031-00
. 78945318=n0
LT8G 73700
L77413075=n0
TTHL300=N0
LBHR35259-N0
LBUHB8LTRGI=NU
B34 LY42R3=00
L8341 4041-00
LBlo42354=-14
f81943071-nu
«50433732=-n0
LE80424024-n0C
e 78944795=00
, 7894473700
«E4367859=010
«84B67671=n0
«83413881-00
LB3414079=ny
«51943072~0CU
.81943071=-00



CONVER 1TRS
CONVER ITRS
CONVLR 1TRS
CONVER ITKRS
CONVER 1TRS
CcONVLR ITRS
ConVer 1TRS
#kx k% PERCENTAGE

PI
PF
P1
PF
PI
PF
PI
PF
I
FF
Pl
PF
PI
PF

POINTS CONVERGING =

«43294001405
L43294001+05
43290000405
«43290000+405
43292000405
J43292000405
43294001405
43294001405
«43292000+N05
«43292000+05
S 43294001405
L43294001+05
43294001405
«43294001+05

F4

43314000405
243814000405
J43R20N00+405
C43820000+405
3310001405
«4331+nN1405
L4381 ND1405
«43314000+405
<43820000+05
«4382000n+05
43818001405
«43818001+05
43820000405
J43820000+405

100,000 %k¥*x%

JAILRIANTH0S
J434TRA21405
43433013405
JU3LRIOOU405
LUAUTIIRR24(R
JUIBAIRTARH0S
«H343235A+05
43473352405
CHILUITIR22405
JHINARRAILL0S
2H3U3ITRAL0S
«H3UAIANBH0S
JU3LIRTAUL(US
JU4IURIT7THA405

.80454017~-00
»60454029=n0
BUHBTUHR3=N0
cBU486T76648=00
.83414078=-0n0
.£3414085-n0
«£1943071=00
51943071 =0U
«B48676065=00
BUBL76T72~N0
SHB341u091=-00
L83414083-00
JBL4867676=00
SEUBOTHRTO=NU
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APPENDIX H

Program Listings



INTAP JUSRSPCUSRSPC
Y URGIVAC 110d PDP Cit 36 0CT 6 AT 18:00:2R 1102=N00G7

INUTE S PHGC
C .
¢ SALELIST RUNIAT - THT 5L VARTAKLES ARE PELEVANT TO THE RUN BEING
C JAUE AND AKE Nul 5AVE) o ThE SAVE FILES
C
HA&ELI&A/RHNO\T/KQN.LSMLICM:ISAI!ISAF:ISAC!ISAALIPRIv
. [PLF e T £ Cr IR IPRP, IPRINT» IUNITy TRFAD P IIFR ICHSAY
. YF14 o HIF P90 F15HF1T7,NF13 e NAUR
Eio)
1 Ui 0cC PDREGC
v
¢ SJANFLTGT RUNDAT -
C
C WANE TYPE/SIZE DEFINITION
(9
C KCl. 14773 FUNCTTON SEQUENCE INDICATCR
C TS 14T/ SEARCH MO THON SCLEZCTOR
« Ic. . .IUT/ A ITERATIVE -AETHOD SCLECTOR
C ISA1 14T/ FLAGe=1 SAVE INISOL QUTPUT
v ISAF InT/ FLAGe=1 SAVE FILGRD OUTPUT
e 1SAC LiiT/ FLAGr=1 SAVE COMCHA OUTPUT
L ISAA ) $00 V4 FLAGe=1 SAVE AUXPRO OUTPUT
C 1] IMT/ PRINT LEVFEL COIITROL FOR INISOL
C IPKF 14T/ PRIMT _LEVEL CO:TROL FOR FILGRD
C IFKC 1T/ PRINT LEVFL CONTROL FOR COMCHA
« IFEA 14T/ PRIMT LEVEL CONTROL FOR AUXPRO
C 1PRP T/ PRINT ILEVEL CONTROL FOR PLTCON
. IFRINT TYPE OUTPUT FROM CHARAC =0 CONDEMSED» =1 FuLL
o TUNIT INT/ FILFE FROM WHICH SAVDAT IS READ
. C IREAD =1 _IF SPLANMDT DATA FILE IS TO BE READ.
C NPR 1T/ NUMRER OF FRAMES T0 BE PLOTTED
C ICHSA INTZ. FLAGet=1 AFTER READIMNG SAVDAT FROM
C IUNITYREAN{(S»SAVNAT)
C MF11l4 IMT/ FLAGe=1 READ PAST SAVDAT ON UNIT 14
C WNFI1S Tt/ FLAG»=1 READ PAST SAVDAT ON UNIT 15
L - - . NEILLS 14T/ .. .. . FLAGe=1 READ PAST SAVDAT ON UMIT 16
C NF1I17 INT/ FLAGe=1 READ PAST SAVOAT ON UNIT 17
C WFIiR 11T/ FLAGs=1 READ PAST SAVDAT OM UNIT 18
el
SAVIL PKUC .
C
uﬁ.uu.,quMELlSl_SAVQAL_=.IHESE*MA81ABL£ELIEEJNE_IHE SIMULATOR AND THE _ .
C ANALYSIS FPERFORMED. THIS MAMELIST IS SAVED ON ALL SAVE FILES
C . . . . e e - N .
MAMELIbT/SAVDAT/ISGR!ICCHOIOpTvTARVvIPI'IP2OEPSOTPDOIENC0
a ﬂPlIvPZLoNCS:ICS:PSGCON'PERDEC'ARATScNSGvNCGrNPUSR'¢
. HCUSRe ICMe ISP LENMGTH e LNENCR LNLERT » NPONTSLEGS
- 2JUELSTY e
ErD
SAVDOC PROC : . : I . -
C

‘ NAMELIST SAVOAT



C .
C NAME TYPE/SIZE DEFINITION
-C - _ .
C NP INT/ NUMBER OF INDEPENDENT PARAMETERS
R o S — —NG- SINTL - NUMBER--OFE-SYSTEN CHARACIERISTICS —
C A RCA/MP* LOWER BOUNDS FOR PARAMETERS
¢ R REAZ AP % UPPER BOUNDS FOR PARAMETERS -
c P11 REA/ INITIAL VALLUE OF GRID PARAMETER 1
€ pal REA/ INITIAL VALUFE OF GRID PARAMETER 2
C NELP REAZMP* STEP SIZE FOR PARAMETERS
—C NGS- e = INTA o NUMBER-OF EQUALITY CONSIRAINIS
C NTS 1T/ =NCS+1 IF OPTIMIZING»=NCS OTHERWISE
- C EPS IMNT/SC* TOLERANCE ON CONSTRAINTS . :
C NSG ) s 4 NUMBER OF SOLUTIANS TO BE DEVELOPED
C - ISGR- IHT /6% ISGR(I)=JsJTH SOLUTION USED TO
C START THE ITH GRID
—— — N - INTA e NUMBER-OF-GRINS-FOR - WHICH . —— e e
C CHARACTERISTICS ARE TO BE COMPUTED
C -ICCH - INT/MH* . __ICCH(I)=J.USE THE GRID DEVELOPED FROM
C THE JTH SOLUTION TO COMPUTE THE ITH
o e o . CHARACTERISTIC SET . .
C IFS INT/S INDICATES .WHICH FUNCTIONS TO USE
—C. - —AS CONSTRAINTS . . e -
C TV REA/S TARGET VALUE FOR THE FUNCTIONS
(o o
C * SEE PARAMETFR STATEMENT FOR NUMERICAL VALUE
C e ) e e
END
_QPFMPC._ . _ PRQC , o IR
END ‘
_OPFMAP . _ ____PROC . o o e
END
_KOMUSE . _.PROC e
C

C COMMON USE PROVIDES AN INTFRFACF BETWFEN ALL USFR SUSROQUTINES . _
c AND PAP
C o

PO MELCJYL;‘N MP) +RELVEC(3sMP) 2 PSTION(3¢MP} 21 NPONTSLEGSsNCUSR,
. NPUSR/»IENC(30) v IPLyIPAITPIPIVAR, IP2, IP2TPy IP2VAR» IPRINT
e e~ TOPT o JOENe JOTY o NCSUSR JICSIMC) 2 ICPREY {MCI o JCEN(MCY e
. ICTY(MC) e ITP(MP) »ITY(MP) »ELPSD(10,MP) sENCHALEIMP) »
e e PSGCON(30)PERDEC(30)+ ARATS(30)LENGTH(30) o LNENCR(30)}» . ... _ _
. LNLBRT(30)DELSTP(30) » IABORT
—END - I S — B
USEDOC PROC
C —
C SPECIFICATION AND DESCRIPTION OF LABELLED COMMON USER
- c —_ _ .
C
L eesNAME __ _  __DEFINITION (t=v INDICATES AN INPUY ITEM) _ .
C
C ATPDALeMR) TIME POINT DELIMITERS
c TPA(I»MP) TIME POINT ARRAY
T ol ATARVAI) _TARGET ITH CONSTRAINT .
o PLCVEC(I+MP) COMPONENTS OF VECTOR TO PLANET'S CENTER

G _VELCTY(I+MP) COMPONENTS OF VELOCITY OF PLANET'S CENTER . .



RELVEC(IsMP) COMPONENTS OF TIME POIN RELATIVE TO PLANET CENTER
PSTION(I MP) TOTAL HELIOCENTRIC TIME POINT VECTOK

NPONTS TOTAL NUMBER OF TIME POINTS
LEGS NUMRER OF LEGS
- NPUSK. : NUMRER OF PaRAMETERS . e e
*IcHC(T) TYPE JF FHMCOUMTER AT ITH TImF POIMT
*TARCZIY TWO DTIGIT HHMRER RROKFIN INTO IagPsIABV
IanpPzg ABGCLITSA VARQIAGLE IS FROM TIMF POINT I
Iapvz=y ALGSCIH5A VARTALLE IS TRAGUNI)
*JORD=KL TNO OTIGLIT NUMRER BROKEN INTO I0HP» IORV
IURP=K . . ORJINATL VARIABLE IS FROM.TIME POINT_X __ . _ _
IORV=L ORNINATE VARIARLE IS TPA(L(»K)
*IPRINT =0 FOR SUMMARY PRINTy .GT.0 FOR EXPANDED PRINT
*JUPT=) IF MO OPTIMIZATION IS TO NCCUR
xI0PT=uuh T4 DIGIT NUMBER BROKEM INTO IOEM»IOTY
10ENH=y FUNCTION TO RE OPTIMIZED IS FROM TIME POINT My
I0TY=je .. . FUNCTIuN TO RE QOPTIMIZED IS TYPE "N _
HCSUSR HUAPER OF EoUALITY COMSTRAINTS

+ICS(Iy=uKL THREZ VIGIT NUMBER BROKEN INTO ICPRFX(I)
ICEN(T)»ICTY(I)
ICPRFX(I)}=3 ITH COUSTRAIMT IS_AT AN EMCOUNTER -
ICPRFX(I)=1 ITH CONSTRAINT IS ON A LAYBERT LEG
ICEN(T)I=K  ITH EQUALITY. CONSIRAINT. IS EITHER. AT _TIME POINT
*KY 02 O LEG CONNECTING POINTS 'K AND 'K+1!
ICTY(L)=L 1TH CONSTRAINT IS TYPE 'L' WHERES
L=1 QEFFRS TO DELTAV
L=5 RFFFRS TO SEMI-MAJOR AXIS
L=6 REFFRS TO ECCENTRICITY
ITP(IN=K  ITH PARAMETER IS_FROM TIVME-POINT *'K*'___
ITY(I)=J ITH PARAMETER IS TYPE *J' WHERE:
Jz=2 REFERS TO TIME
J=3 REFERS TO RADIUS
J=4 REFERS TO RIGHT ASCENSION
J=5 REFFRS TO DECLINATIOM
oo~ . . ELPSD(Ied)  VALUE OF ITH LAMBERT VARIABLE CONMECTING. TIME

I

: :
pmr‘nnr:(‘,r(\mnhr"hncor‘hnr.r hﬁhr'ﬁr.ﬁ(‘iﬁﬁﬁﬁﬁ

C POINTS 'J' AND *J+1

c ENCHA(I»J) VALUE OF ITH ENCOUNTER VARIABLE FROM.TIME POINT J
C #PSGCON(I) REQUIRED PASSAGE ALTITUDE OR RADIUS AT POINT *'I°
C *PERDEC(1) - REQUIRED PERIAPSE DECLINATION AT TIME POINT I

C *ARATS(I) RATIO OF SEMI=-MAJOR AXIS OF ELLIPTIC PARKING

T, _— - -OR8LT . TO CIRCULAR PARKING. ORBIT_ AT _TIME POINT I
C LENGTH(MP) NUMBER OF CHARACTERISTICS COMPUTED PER POINT.

C LNENCR (MP) MUMBER OF ENCOUNTER CHARACTERISTICS PER POINT

C LNLBRT (MP) NUMBER OF LAMBERT CHARACTERISTICS PER SEGMENT

C BDELSTP(I) STOPOVER DURATION AT ITH PLANET

C IABORT =1 IF ABORT TRAJECTORY IS TO RE COMPUTED
Ao - —_—— e [ —— .
C ..oTHIS COMMON 15 INCLUDED IN SUBROUTINFS CHARAC:CONSEG'CONSTR'

C - ENCTIRSENCONTHEIXPLCFIXREL+PRTCHAREANUI »SETUP - _

C

£hD RS . o
KOMPEL PROC

COMMON/PENCTR/NPINO, TIMEIN VIN, RASINS:DECL IN, TIMOUT 2 VQUT,

RASOUTrDECOUT»BA»RASCSP»DECLSPyPLINC/PLINCL1+PLINC2,

- POMEGA:OMEGAL1OMEGA2»OMEGT1OMEGT22 OMEGAP 2 ALPH1 2 ALPH2 ¢
ALPHP»DECLL1DEZCL2»DECLP»DELPSI»PSI1,PSI2»DUMMYL1(10)
ALTTR1,RADTR1+ALTTR2:RADTR2,DELVBL» VELPER+DELVT12DELVT2,

L d L ’. )



Y N

® & o @
f

VIZNDOC

CCcCoOoCCCOCCC CC [SNON R ol ol ol Gl ol ol oil ol o W el ol olie ccCCoOCer .CC CCCCc

GANT Lo Gy aT 2 THELT o THE2T1 o THELT2» THF2 T2 VTILTLoVTOUT L »
VIIET 2 TGO 20 AL T e RAD s ARAT IO AFFIM, VAPO» VELC » VELPE»
VFLPWIv\CLPHQquLVClODLLVCZ'SHNVCODELVEIOQELVEZOSUMVE:

DINC

PRGC

SEECIFTICATION

AL DESTRIPTION OF LARELLED COMMON PER.CTR

eeoNAME ____ QEEIMITION __ .
NPLNO PLANET NUMBEP
TIMEIN TIME OF ARRTIVAL AT FHCOUNTER
VI CAANTTUGE OF HYPERROLTC FYCESS VELOCITY
Git IHOUND LEG ‘
RASTH KIGHT ASCEMSION OF HYPEP3IOLIC £XCFSS VELOCITY
— e e QN INARQUND LEG . e - - m——. B
DECLIN DECLINATION OF HYPERBOLIC EXPFSS VELOCITY VECTOR
- ON INBOUND LEG = -
TIMUUT TI'E OF DEPARTURE FROM ENCOUMTER
VOJUT SAME AS AOVE OUTBOUND LEG
PASOUT SAHE A4S ABOVE OUTROUND LES
- DECOUT.. ... SAME AS.AB0VE QUTBOUMND_LEG . _ o
BA ANGLE BETWEEN INBOUND AMD OUTROUND ASYMPTOTES
RASCSP RIGHT ASCENSION OF SUR=SOLAR POINT . _
DECLSP DECLINATION OF SUB=SOLAR POINT ’
PLINC INCLITIATION OF PASSAGE OPRIT TO PLANET'S EQUATOR
PLINCY INCLIJATION OF FIRST SEGMFENT OF TRANSFER ORRIT
— e 10 PLALET'S. EQUATOR_,NM_ — e e
PLINC? INCLIYATINN OF SECOND DEGMFNT OF TRANSFER ORBIT
o o TQ PLANET'S EQUATOR :
POMEGA LOMGITUDE OF ASCENCING NOOE THROUGH PLANET EGATR.
OMEGA1 ANGLE FROM ASCENDING MODE TO INBOUND ASYMPTOTE
OMEGAR ANGLF FRNOM ASCEMDIMG NONDE TO OUTROUND ASYMPTOTE
CMEGT1 ANGLE FROM ASCENDING. NODE TO FIRST TRANSFER _.__ . _
ChLEGT 2 A'GLE FROM ASCENDING NODE TO SECOND TRANSFER
OMEGAP _ AlNGLE FROM ASCENDING NODE TO PERIAPSE .
ALPH1 LONGITUDF. OF FIRST TRANSFER POINT
ALPH2 . LONGITUDE OF SECOND TRAMSFER POINT
ALPHP LOMGITUDE OF PERIAPSE
DECLL. _ . LATTITUDR. OF FIRST _.TRANSFER poInNT = . . . —- .
DECL.2 LATITUOE OF SECOND TRAMSFFR POINT
- ———PECLP L ATITUDE OF PERIAPSE . _. L
DELPST EXCESS IN NATURAL BEND ANGLF
PSIL HATURAL BEND ON .INBOUND HYPERBROLA . .. _
Ps12 FHATURPAL REND ON OUTROUMD HYPFRiOLA

CUZLYIL10) . UNASSIGNED . AS._YET . G — e R

aNeNa¥e¥ aNaNake

ALTTR] ALTITUDE OF FIRST TRANQFFQ

KALTR] RADIWUS OF FIRST TRANSFER . . e
ALT TR ALTITIDE OF SECOND TRANSFER

RADTR2-._..  KANIUS. OF SECOND TRANSFER. .. .  _

DELVBL VIN=VOUT MAGNITUDE

VELPER — — VELOCITY AT PERIARSE )
DELVT1 IMPULSE REQUIRED FOR FIRST TRANSFER

DELVT2 . IMPULSE REQUIRED FOR. SECOND TRANSFER__
GAMTY |

AIGLE BETWEEN HORIZONMTAL AND DELTAV VECTOR AT
FIRST TRANSFER. ——— .



GANVT? Aol BETYWERN HORIZONTAL AdMD DELTAY VECTOR AT
LECOMmY TRANSFER

THELT] TAUE AGOMALY O INBD. HYPERENLA OF FIKST TRANS,

T 2T P WG SALY O OTRD . HYPOIRnoL A OF FIRPST TRANS,

Thi LT 2> oot AdOMALY O THED. HYPERZQLA OF SECOND_TIKANS. .. . .

THil . 1> [ ANG ALY O OTED . SYPERSNLA OF SECOND TRANS,

VTLT VELOCTITY ON Inpne HWYPERBOLA AT FIRST YTRANSFER

VIiQuTil VELLOCITY ON OTUD. HYPERAODLA AT FIRST TRANSFER

VTINLT? VELGCTTY O THNRD. BYRPERIDLA AT SHECOLD TRANSFER

VToutr» VELOCTTY OOM CT, . 9YPES L AT 0 uy TRANSFER

Pabt L Ga e Al TTUDE (T

AN PASSAST RADTUS (MIMTiHr)

AATIO RaATIO OF ELLIPTICAL PARKING ORRIT SEMI-MAJOR AXIS
0 CIRCULLAR PARKING ORRIT

AE M SECTI="AJIR AX1IS OF ELLIPTICAL. PARKING ORBIT

VAPG VELOQCITY AT APOAPSE OM PARKING OPRIT

VELC_ - . CInCULAR VELOCITY AT MINIMUM RALIUS . .

VELPE VIZLOCITY AT PERIAPSE OM ELLIPTIC PAKRKIMNG ORRIT

VELPH1 VELOCTITY AT PERIAPSE 0 IHBL. HYPERBOLA

VELPH2 VELOCTITY AT PERIAPSE NN OT#H0D. HYPFREOLA

Cellvel VELOCTITY REQUIRED T9 TEROOST FROM INBD. TO CIRC,

DELVE? Vi LGCLITY REOUIRED T2 A60ST §ROv CIRC. TO OTBND.

SUMVC oo TaTAL LELTAV. REQUIRED FO& CI<CULAR PARKING_ORBIT -

OELVEL VELLOCTITY REQUIRED TO NEROHST FROM 1MBD. TO ELLIP,

DeLVE2 . VCLOCITY REQUIRED T 800ST FROM ELLIP. TO OUTRD.

SUNVE TOTpL OELTAY REQUIYREND FO2 FlLL1f. PARKING ORRBIT

DL TOCLIATION DETHEFRY Dm0kt &'l GUTLOUMD PLAMES
EO o ali® CHARIGE 8 ENIVE R,

en e TNIS COEMOM 1S ITHCIULEN IN SURRODYTINES FHCOMT»LODCHA Y
URPTRAI» SUBSOL ey VASTAHT

cocCc oo oo OO0 CC. 0. CCcCC T OCOoOnTc

l;l‘uD
WO L PGC
- o COMMONZ LA T /AU 20) e KHOC20) p SMA(20) v L.CCL20) o TPHPAS(20 ).
. FINC(20) » 0L A (20) e PERMINNIZ0)Y v VITFRPHI20) FOATOR(20)
Erid
Llei)0C PiRCC
C
L SELCIFICATION Ao 2 L2RIPTION OF LAastile) Coatui) PLANET
o . e L - S,
C .e o« HIAME I)E?:IHITI(M\J
C
C AMU (L) GRAVITATIONAL COMSTANT (FTxx3/SEC*%2)
C RHO(I) PLANETARY. RaDIUS (1)
C SMACD) SENMI-"AJOR AXIS OF PLAMNET'S ORALT (AU)

L. ECC(I)y .  ECCENIRICITY OE PLANETI'S ORBIT . . _ _. .
¢ TPHPAS(I) 1I4E OF PERIHELIOM PASSAGE (JULIAN DATE=-2400000.)
C FINCA(I) INCLINIATIOM OF PLAMET®S ORZIYT TO ECLIPTIC (DEG)

C ONMEGA(T) AMGLE FROM YFIRST POINT OF ARICSY TO PLANET*'S

C ASCENDTING NODE THROUGH ECLIPTIC (DEG) e —
C PERMINCI) AMGLE FROM ASCEMDING MODF THROUGH ECLIPTIC ToO

C —_— —_ —eeee . PLAMEI'S PERIHELION (DEGY e,

C VEFRPY(T) AEGLE FREOM PLANET 'S PFRIHTLTOM TO PLANETS

C VosahAade £0UTHOX (DEG)

C CUATOR(Y) LA THATEON OF PLANETYS EQLATOR 1O QORBITAL

C rLantl (DEG)



e oo THIS COMMON IS INCLUDED Tiv SUBROUTINES CONSEGeCONST»ENCONT
EQRTRyFIXPLCyFIXREL»OPTRANSREADUIL » SULSOL» VASTOT

OOC C

S END - - — L B S
INITIL PROC

COMMO I/ COMNEAC/PL o HAFPT» THWOP L o GHMSIHML, RTDeDTR
COMMOLI/ AUXPLT/ZIPAUX
NIMENSICN kKM(S)
O e e : — e
1 *UNIT 5
ICHSAZY
NFR=)
IPAUX=u —-
IREAD=U
c e IPRINTZg - e e
ISM=1
1CMz1
IPRI=1
IFRF=1 - —_— - S
IFRC=1 '
e <IBRAZ=1 . S,
IPRP=1 :
P1Izu. o .
P2I=9, '
I0PT=N . -
MEGZL
. . CWNCGRY o e
IABORT=(
DO 11 Iuz=1l.MP_. . . . ___ o —
NO 11 IK=1,13
11 TPR(IKsI1J)=0. . -
DO 12 Iu=1,MC

le . EPS(I1J)=,0001 _ T

DO 13 14=1.,30
15 DELSTP(IJ)=0. . - . . I
TV
HPLIS PRCGC - . .
NDIMENSION ISG?(WG)'ICCH(MH)vTARV(MC) EPS(MC)!
- e e TP 30 P o LENCL30) » ICSIMC) o PSGCONIMP) o PERDECIMPY . . .
. ARATS (P ) » LFMbTH'30)'LNENCR(30)rLNLBRT(éO)'DELSTP(30)
Civid .- B P — R
SIMIFN PROC
c - } B . S I
C DEFINE SINULATOR

~C . - —

CALL CONST(IREAD)

COMVERT INPUTS FROM DEGKEES TO RADIANS

c
C
C _

DO 31 IJS1eMP
e e e e PERDEC(IJ)=PERDEC (1) *DTR ; _

DO 31 IK=8/,13
. TPDAIKe LI =TPILIKs IJIADTIR. .. B
31 CONTIMUE
C S [
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[ S QN ot

[Nl oI ol o

S

o TEr Lo mililisek O TTXE=POINTS AND U0 OF LEGSe

WA Lo lert

THCT/O0 o T st (10,0 RO 1D 35
Cota 17,

U RN INE |

LECSZ L =1

LS Tl Al A, i lti?

1 {MNAUA ' da2) IApORT=Y

AL TR LT TOTAL ey OF CHARACTERIGTICS 0k ThHIS SEeMEMT

IL=0

A3 izleiP2 TS

TELTYPz= 0l

S I NS E IR

T CLa b o ORTS)Y M22TPD(LeI+1) +. 01

LrbrRTir)=tn

IF COUHL G LD eN2) s AND o (N1 aflE« D) ) ¢ OR e (LI E31IPONTS) )

LNLBRT(T) =0

IF(IEIT Y WED). GO TO 3%

LREMCROI) =0

(61 T0 o

f‘((IL:tlYPof"ol).()P.(IENTYPQE”’.R)00R¢(ItNTYPQEQ06))
LNENCR(I)=37

TF (I YR EWe ) dORG(TENTYPLEQ.S)) LMENCR(I)=U

IFCIENTYP.EQ.2) LNENCR(I)=23

IF(IETYP.FQ.3) LHENCR(TI) =30

IF(ISHTYP Qe 7) LNENMCR(I) =15

NCEMCHLEr HCR D) +LMLART (I)

LEMGTHOLD) ZLNLBRT (I +LNENCR(T)

COl 1 [

IF(IOPT.6Tal) NC=MNC+Y : e

NCUSRE,

DETERMINE wHICH VARPIARLES A0D AT WHAT TIME POINTS ARE TO

=

ChIl PARAMCTERS

TR1TIP=Ly /10 . -
[FIVAR=ZRP1=-10%xIP1TP
1r2TPzive/1o

IPeVAR=1P2=10¢«IP2TP

SCAL: POLNTS TO SET UP PARAMETER TYPES AMD HUMBERS AND SET

FIXED Tlue POINTS_INTO_COMMON_TPA.. aLSO DETERMINE . NUMBER ___

I

FARAMETERS. ‘

A=0
IL=3
DG 4O Ty=1eNPONTS ,
L LovaeRY G L — e . .

TFIXT=1

DO 39 IKkZWr1393
TFASS(TRPDCIK IV ) LT (.001)) GO TO 137
ITF(NP+1) =T



o

[N ol

[N ol e

37

41

oo st 1

SET WU

JTIY (104 )1k /341
T NTEE
s USR= G

Ut LR Al Lowld @0UGS adDd THCRFMIEUTS FoRk NOL=-GRID VARS.,

TH(Idet e 1" TR QOR(TJLERLIPRTFY) 6D TG 29
ACIL)IST (IR =221.1)

BOIL)Y =T GUTR=1r 1))

DELPITL)Y =D IKe TY)

IL=IL+]) -

GC TD o

HOVARY=Z, uVakY+i

IF(IKaly o ) HO TO 2R

TFA(Ze i )STPO(2e 1)

T=TrV (2 1J)

CebL FIAPLC(IJeT)

IFIXT=n

IFUIKeiwe 7) TRPA(3TAIZTPD(S» 1Y)

IT(IK.E o 10) TRA(G,IJ)=TPDC 29 1J)

IF(IKeE o 13) TRA(DeTJI=TPD(11,1J) -
TFCOOVARY JHFE i) d ANP . ( (NOVARY+IFIXT)MEL4)) GO TO 39
~-CaLL FIL,REL(IJ) e ) . e -
CONTIHUE

TPACL, i) ZTPS(1 e IJ)

CCrT LNy

LOVEK Ay UPPEC BOUNGS AND INCREMENTS ON GRID PARAMETERS

Al INITIZL GULLS 2016 'T.

SET up

SET UP

ROL)=TPL (A5« IPLVAR=3,1IP1TP)
ACL)Y=Tyy (5%IPLVAR=4,IP1TP)
DELP (1) ZTPD(3*#1IPIVAR=2,IP1TP)
A(ZY=TP (3x]P2VAR=4, IP2TP)
El2) TP (3cIP2VAR=3,IP2TP)
DELP(2)=TPD(3*IP2VAR=2,IP2TP)
IF(P1lI.LT.(.01)) P1l1=A(1)
IF(P2I.LT.(,01)) P2I=A(2)

I FOR IATIOH REGARNDIMG FQUALITY CONSTRAINTS

LSUSRE S

DU bL 1Jd=1eMNCS -

ICPFREX(IJ)=TCS(IUY/100

ICET LI =(ICS(IJ)=100xICPRFX(TJ)YX/10
ILTY(IJ)”ICS(IJ)-IO*ICEN(IJ)-100*ICPPFX(IJ)
GOMNTLUe o S

IMFORMAT 10N REGARDING OPTIMIZATION

NTC=NCSY .
IF(IOPI,.EQ.0) GO TO 42

LGENZIOPTLLO . oo e oo I

IOTYZTOPT=10%I0EN
NTCZNCS+1

CHECK TO SEE TiaT PPOARLEM IS NOT OVERCONSTRAINED



o

o

[F

)
ny

4
4G
(AP

TF AP TCet o (' =2)) GO TO 43

wt T Cavg pibaid)

FObMAT O 0N 010 rARY COUSTRATHTS, DPiaCRAN STOPY)
cabkl oA

L CCATTIL.. 23T 00 o TCeRD OF BLoT VACTIATLE S,

4 gy e i

S AXZig (L)

G 43 i ledbar

AT vAR (I s ) e Ve d) 30 10O 430

IVAR(Isu) =T (T d)

C T L

0 TV S N S el B

Ko (r )T i (Te ) Z710% 4 (K=1) =10+ (IVAT(IeJ)/10%%xK)
T (halh ) eildel) 30O TH 45

It rUiX=1

S5 T 4e-

LEGTH=ZUL

LEVARKSIVAR(Tr J)/100=1
TULVARZIVAR( T o J)=100% (LHIVAR+T1)

IF (LHVAf el 2eU) 0 T 47 . -
N0 45 Kzl AVaR

LMNOCTH=L aTH+L a6 TH (i)

VAP (T » ) =LNSTH+F ITRHVYARHNPUSR =2

IFCIOPT CTeala AU« IVAR(LrJ) «GTa0) IVAR(I»J)=IVAR(IrJ)+1
CCHTINUE

CCi T Liduw




l-'J[ApoAprl\'\)
Vel 3

C

SLUpROYIT T i

Gis TH
\,I\LL
L Tl

A

N

(1o )o
1]

Cotin A2

He 704
(AR

CAUX

AUXF RO CHHAUX)




IiNTAP.AUNL

_VEL 3
C
C TITLY AnY Il Yy =RoRaw
C
VR VR ERTORE Ved e b T TLT TR
C
C S vy Nefalip DT yEL,
C
C LATL Ly im0
< . i
C b Ohe ColiteTC Lo 3 TS AND PRINT SAME. GEMERATE PLOT FILES.

T I LTAT e T

[

SUbREN T TR A1

S CTRICATIC. STatEMEATS

coon

II.CLIME PARSTAYLIST

Lo Clrime G 14CE o1 IST

It Chuun (CrUSEZLIST o

[nCLurs Spy L, LIST

COUMMOL/CONFAC/PL»HAFPI » TWOP T » GMSUNYRTL»DTR

oMM/ AUXPLT ZIPAUX

WAMELTIDT/CONECT/ZLIGV1vIGV2yKANECT» TFIXED LIALILIA2/LIAS
. e IPHINT
L 1MLSTON TRFIXED(2) » IENCA(MP»3) v PSGA(MPr3) »T(6) r ICHK(2) »
ARATSACIP e 3) p LENA(MP 2 3) s LNA(MP Y 3) y LNLBRA(MP»3) » ISLN(3) »
LHEGCE) rRiv(A) o NPA(D) e NCA(3) o NAA(3) s NORA(3) » IP1A(3),
P CE) P LESHA(3) 1P(MP3) 2 C(S00¢3) yMPHTSA(3) P NRECS(3)
Crii A0 pCSTOR(S5022) v NCST(3) »CTOT(MK) + NSTOP(2+3),
AT 3) s PTOT(MP) s ISTYPE(2) » TMIN(3) » TMAX(3)
L0 03) e NARIV(4) 1 PERDA(MP3) . . -

[}

LoHGr=a

=ial=0

Lia2=0

LIARATO .

IRLOT=Z1 . . e - - e
R AD(E» COHECT)

wKEwlIiD LIAL S L
IF(LIAn2.EG.Q) GO T0O 1

KEwIND LIA2 : .

IF(LTA3.6T.0) REWIND LIA3

o

1 IF(InsV1.EQ.0) IPLOT=D
IF(IAV1.EQ.D) GO TO 4
I¢vil.zisvl/zlo
IoVviR=ZIGVI=-10xIGVIL P o
Icv2l.=15vers10

v e e - L VRIS TGN 2=10%x I GV 2L

ITIZ4pX0 ((2*TGVIL+IGVIR=2) s (2%TGV2L+IGV2R-2))
L7210 ((2%IGVIL+IGYIR=2) s (24 IGV2L+IGV2R=2))

C DETERMINCG WHICH POINTS ARE TO BE HFELD CONSTANT IN GRID GENERATION



OO

OO0

11=1

vt 3 Iziee

L (Tati el 110, TedQ.IT2) GN TO 3
IFdTFla1) GO TO 2

O+ ) /200, (1/72)) GO TO &
IFCOI41)Y e e lT1a0ORG(TI+1)eEQLIT?) O TC 5
ICtin(rt)=l

1,211 41

o LS

ek (1=

LTI+

COlLTInZ

IFO.TA2.=0,0) GO TO 300

TOCRE)SL TKONICTY AN STORE INTO ISLM AnD ISES

PEAC US

o-.FFA‘—)

s e o KEAD

JopXz=y

i ioTar b .0) JisaxXze

JO B J=leJdmAX

b (J)=XOMECT/10%% (J=1)=10% (KONECT/10%%J)
deRIDGT

Ll L J=1e5.2 e
IF(K () «ENef) NGRINSZ2

J 25 00AX/ 2 .
G 7 Jdztedi2
ICOUHT=UMA=2%xJ+1
ISEG(JY=KN(ICQUNT)
ISLE(J) KN CICQUNT+1) .
lf‘"({lc‘?ljSOEle) ICNV3=1

RunT FRO° COMCHA TAPES AND POSITIOMN SAME AT PROPER SOLUTN,

G0 1 T HARIDS
C1z1576(d)
IFILT=1 341

e CEGCKRIBIMG [HOW SEGMENT WAS GENFERATED AND STORE.

READ(IFILE » SAVDAT)
GG 10 TPz eMp .

IEwCA (I WrI)ZIENC(IMP)
FSGA(T AP» 1) =PSGCOMN(IMP)
ARATSA(TMP» I) =ARATS(I4P)
PERUA(IMPY 1) =PERDEC (IMP)
LENATIMP e I)=LENGTH(IMP)

LibACTMPe II=LNENCROIMPY . . . . e
LitkG2ACTHAP» T)=LNLBRT (IMP)
CuNTINUE . e

rit ALT)YZHPUSR

WCA (LY =HICUSR

NEMTSA(T)=NPOMTS

A GSL(I)=LEGRS . . e L e s

IFIALI) =IPY
Irea(I)zIr2

SCLUTTON INENTIFICATION RECORD.



vl 12 Id=1.M6
RLALDCTFILE) ISCLUTeNAWNO#IIPNC

o eeeldt Telln 1+ 01 THE DESIRED SOLUTION READ TU NEXT l.De RECORD.

IF (IS0 o TSLECIY) GO TO 13
J(’\PTC’:.”\*J")
G 11 TLZ1NGRPTS
ReEADCIF TLe) ICOMV e (P(IT»1) s ITI=1oMPUSR) »
. . — (CLIXr1)2II=1¢NCUSR)
11 CCINT IMUE
ic CONTTHUIF
13 WAACT)=NA
NORA(I) =0
g COMTInN

<. IF USKOAT IS 10 NE RESPECIFIED READ FILE S

OO

If (I1CHSA.GT«0) READ(5,SAVDAT)

eeLEFINc OUTPUT FILE

OO0

LGALZ7
Lon2=18

OETEHMINE WHICH VARIABLE WAS ABSCISSA AND ORDINATE AT TIME
FILE WAS ORIGIIALLY GENERATED.

OO0

LU 20 1IZ1.NGPIDS
I4BPHT(II)=IP1A(II)/10
NEECS(II)=rORA(II)

20 IF(IAGPHT(IT) ,NE.1) NRECS(II)=1

C
~C. .. SET UpP gt LOOPY INDICES. . . : _ e e
C B

NDEP1=MNAA(L)

IF(IARPMT (1) eNEel) MDEPI=NORA(1)

NARIV2=HIORA(L) - -

IF(IARPIT(1) enEWl) KWARIV2=MAA(L)
e e e EPO=MARINZ o e

NAKIV3=NORA(2)

1F (TARPHNT(2) o NE 1) NARIV3=NAA(2)

NLEP3=NARIVS '

IF(LARPUIT(3) e NEsl) NARIVUZNAALSZ)

NARIV(2)=NARIV2

e NARIV(3ISNARIVZ

NARIV(4)=NARIVY
LOER(1)=HDEPY
HDEP(2) =NDEP2
NOEP{3)=HNDEP3 . o
hE1=HPA(L)
e e e —. bl 22UIPA(2)

HE3=MPA(S)
nelsiice(l) N e
HNe2=Mca(2)
1iC3=IICALD)



OO G

o ESNe]

OO0

26

30

31

Se

ee ot

COM LTE

COMPPUTE

sARITVEZ IORA (D)

b LTIz A (1) x0RA(L)
HAENT2SIAA (2 ) *MORA (2)
LENT 22N (R *I0RA (D)

T o0IST LOGTC

CLTOD (11} =0

WSTODR (S0 1) =MIPTSA(L)
asTor (i) =1

WSIOR (2 e 2) =0

LF UM INSefRe ) 6O TO 27
LGTOR (22 2)TNPRTSA(2)
WSTOP(1e3) 21

wnTOR(203) =

TOTak WUHMBER oF 'PARAMETER. ONE' AND 'PARAMETER TwO!

IF(ISV1.Ewe0) GO TO 30

pLU=1zZ1Ti/241

dF ARIZIIARIVIIGURL)

1ouh2=ITe/s2+1

WPAR2ZINEP(ISURR2) S e —
NETSIINE 2 TRMARTV2%HHARTVYS

IFCNGIETINS«FRe3) NRTENRT*NARIVL

TOTAL '‘JMBER OF PARAMETERS AND CHARACTERISTICS, SET

HECGHD LEi GTHS AND RENEFINE ENCOUMNTERS To MAKE TRIP CONTINUOUS

o3 IK-l.lGRIDS

ITAPE=13+1K

Ke AC(ITAPLE) ICNVIP(12IK)»P(201IK)

LACKSPACE ITAPE

ToAX({IK)=AMAXTI(P(1eTK) PP(291IK))

Tl IK)=AMINI(P (12 IK) pP(221K))

tieh1=HGRIDS=-1

DC 32 IK=Z1 NGl

isTYPE(IK) =6

NCSTOTIKYZ3T

lk(AmS(TMAK(Iw)-TMIN(IK+1)) GT.(.01)) GO TO 32
1ISTYDPF(IKYL=S - - .
WLST LKD) =30

CoMTIHUE .

LeGS=0
IPOHITS=0N

JRUNZ0 L e

HCTOTZO

HCST(3) =0
RHPT1I=HPNTSA(L)

cf T2zNPNTSA(2)

O 34 I1=1,NGRINS

L AX=NPNTSALTL) .

I-mINz1

S IP(I1.GTel) I2MINZ2

JG 33 I2=I2MINe I2MAX

[ENC(JSUM+T2)ZIENCA(I2,11)



34

3¢
37

38
3

OO0 OO0

—_—L

C
C

SeT 1vAR

I.u. RCow oM OAUTPUT FILE.

THIKC SFJ tlT W«TA

LLmGTH OISO+ T ) =L NA(IZ2e 1)
i ke Canus+ I ) =LA (T2, T 1)
ik 3T U +I2)SLILRRA(TIZ2, 1)
AR aTd A I 2MAX =]
WUTOCHI= 0 CTOTHICACT L)Y NCST(T 1)
LI GOTI S TGEOA(IL)
GO S ONITSHMPHTSA(TL)
(.{\u.rIQ:’ .
A GTSZ 0 ITSH1=-HGRIDS
A TOT= ! CTu =LA (PTLe1) =LA (L, 2)
b (Nor1SaTe2) NCTOT=HCTOT=LNA{PT2 v 2)=LNA(L1:3) .
It 2T =TSTYPe (1)
1) RTINS0 Te2) IENCIMNPTL4+MPT2=1)ISTYPE(2)
v 1= I s=1
JSUIZ0
i 35 11=1.0161
I(—-‘J T »\(Il)
UC%(JJU1+I )‘NCQT(Il)
LNL%PT(J>U +12) SLNLBRA(1,11+1)
Le WGTHCISUMHTI ) ZSLNENCR (JSHM+TI 2 )Y +LNLART (JSUM+TI2)
SUMZJL HHHUPMISA(IL) =1
CORTTRNY
HptoT=2 -

pend AGY VARTIAPLES TO BE PLOTTED FROY MULTI=-GRID SEGMNTS,

IF(IPAMIXeLDeN) GO TO 40

U A9 119 0FR

JoANINE ()

W R JdzT e JAAY

I (VA (I ) ol LTL10000) GO TD 38

IvAR(Te NZIVAR(ILJ)=10000

LrGTizn

LoyvARZ T I ade(Tey)/an0=-1

JRHVARZTIVAR(I,J)=100% (LHVAR+]L) el
IF(LHVAR COe) GC TO 37

JO 306G K=1leLLHVeFR

L OTHZL IS THHLENGTH(K)

IvarR{(Je I)ZLNGTH+IRHVAR

I-(10PTeaTe M) IVAR(JrI)ZIVAR(JeI)+1

cONTINUS . . . .
CORTTIIHT

WHKITE leLe RECORD ON PLOT FILFE

IF(IFLOTeNELD) WRITE(LOAI)ISOLUT NPARL1»NPAR2yNPTOT,NCTOT

LoP1SHGRIDSHL
I+ (ISAAEG.1) WRITE(LOA2)NGRIDS» (NDEP(I)»I=19NGRIDS) ¢
(NARIV(I)»IZ2/NGP1)NRT»NCTOT

IFKkGT3=L
DG 200 TIZ1YPNARIVY



oo bt T2t e Ak T VA
1r (LT et e ) GOYE S0
|l]-l'v—)("-)
i (1R Ta T e1) 112
PR Przle il
41 L Y I G (P(T 1 3) o L1 0i3) 2 (C(T1 0 3) e I1=1oNC3)
F()Y2r T (P01 eP(293))
Fle)z=n a1 (2019 3)eP(203))

NN S

C
C LLCCT L Lo TT aln
o

k-)[‘I lr‘l‘\‘.) T,'f’ml

oo 1y TaZtelieP IV
1T RO L)
AT e sTeerTe1) Hlzt
ey -r)] I'):l'»‘” R -
91 st (A 2) TCHV2e (F(T1e2) o I1Z10MP2) o (C(I1r2) 0 11=19NC2)
TUS)za 1L (1e2Y 0B {292))
TE)ZA VAT (102) e F(202))
LFRSTPzZN

FInLT SHEGuweliY 3 Ta

ORONe)

IFrk5TIzZ1
Gl 70 TRl lnERT
NlTIRE 2N
.[I"(IF"'.;rlcT_-»-)ol) {\’1:1
DU Oy 11=1.N1
A0 pr o (L TAL)YTCNVE» (PUI291) 2 1221, 0MP1) » (C(I2e1) 0 I2=10NCY)
(L) <A JINL PO 1) hP(29 1))
FOAYZA AXI(P(101) 0P (291))

FEINTRRI ed)
C
C IF Al Sese 001000 I0 NOT COMVERGH D0M'T COMPUTE STOPOVERS.
LevTT=ICHYIXICHNY2%TICMY3
(E (i VTIT W Re) GO TO 100
<
C ST TPUTS 200 Call, ERCONMT TO COMPYTE STOPOVERS
C .
o=t
7G Az Tsa(ln) =1
Lz
DI A T B =5 W
71 L=+ A (I1eI)
c - - Lo
C e s dLTORE 10011 VFCTCR
C
ECHAC L 1) =CL+301I6G)
ZCHA(R 1) =C (L4 IGIXDTR
CHA(Z 1) =C(L 452 IG)xDTR
C v , e
C oo o TR JUITUT VELNCITY VECTOR
C

Errin (4ol ) =C(791G+1)
CnCHA(S91)=C(8e IGHL) *#DTR



OO0

OO

a0 0

EHCHA(G01)=C (e IGH+1)%DTR
NPLNETZC(1,1G41) 4,1
TFAL2,1)=C(L+2,10)
WPNTZMPUTSA(IR)
- IFLARSLPOGA (NPNT L IG) =PSGA(1:I6+1)) LT (.1)) GO JO-72
wRITE(Ar1000)
73 FSGCON(TG) ZAMAXT (PSGAINPHNT I IG) v PSGALLIIGHT) )
ARATS (T3)ZAMAX ] (ARATSAINPNT» IG) s ARATSA(LYIG+1))
PrRDEC(IG)I=PERDA(1,IG+1)
IFCISTYPE(IG) ,EG6) GO TO 74

COFLTE IWPULSIVE FLYRY CHARACfERISTICS

CrLL FiuCTR(3e'PLMNET» 19 CHAR)

LG 73 11=1,30

CSTOP(ILeIG)=CHAR(IL)

I16216G+1 : e -
IF(IG.LTGRIDSANDCILLEQL.L) 60 TO 70
Gu TO 76

~
(&)

COMPUTE DEBOOST STOPOVER CHARACTERISTICS

T4 v LALL EHNCTR(G P NPLMEY 2 o CHARY . . . .
JO 75 I1=1,37

75 - CSTOP(I1»IG)=CHAR(I1)
I6=16+1
IF(IG.LTWNGRINS,,AMDLIL.EQ.1) GO TO 70

- REPLACE _SEGMENT CHARACTERISTICS WITH TOTAL TRAJECTORY VECTOR.

76 Ln=0. o
JsumM=g0
..D0 32 I1=1sNGRIDS -
WPT=ENPNTSA(IL)

e e PO BY 221 NPT e
IF(IZ.EQeNSTOP(1r11)«OReI2.EQ.NSTOP(2,11)) GO TO 78
LAMAXZLENA(IZ2,I1) . ] B,

00 77 I13=1,13vAX
77 CTFOT(JSUMETII)=C(LN+I3,I1)
Liv=ULN+LENA(IZ2,11)
e JQUMEUSUME T IMAX e
GO Tn 81
7& -~ IF(12.NE«1). GO TO 82. . .
I3IMAX=NCST(I1-1)
- DO-79 13=1.13vAX e
79 CTOT(JSUM+I3)=CSTOP(I3,I1-1)
i e JSUMIISUME TIMAX . : S
LHM=LNA(L1,1I1)
o I3MAX=LNLBRALL.IL1) - - - . . .
DO 80 I3=1,I3mAX
A0 CCTOTLJSUM+I3)=C(LN+I3,11)
JSUM=USIUM+IIMAX
LI N+INLBRA(LT1) B} S

31 CONTINUE
e : CONTINUE. ... - e .

SET THE GRID PARAMETERS.



— o~ o~
To85 T

Oy

T TR O I B G AR O B
i) 1L re)

een T CUT o F T T R QUITRTD

Iy 1ok g ey 0 T0 101
aby LA TCLTO s (PTOTCIT)Y v T1=1 et TUT Y o
(CTOT(I1) »I1=19iCTOT)

eeer e 1T LGl bkt IF QEQUIKED

it vel ed)y GG TD 103

TR S=A R R SN |

102 T1= e

=S RSP O i 1

B SOTOI2)=TFRIxa"DII)) 6T (,N1)) GO TO 103

ATV A TICTIN T (PTOT(I1) v 11 eiPTOT )
(CTOT(I1) v I1=1+1CTOT)

Gl PRTC a0 T Ix1ITE oUT TRAJECTORIES
1 (ICVTTTatYa1) CALL PRICHA(PTOTCTOT)

P L
(SRR PR

0 (17 TulaIv2) 60 TO 172

cU 471 TIZ1eNPKRTIE
CAGKGPACE LIAL
e e 190
IG5 (1)e5061) GO TO 180
i ACKZHAAN(L ) 2 (NORA(L)=1)
e 173 1z eNiaACK
SURSPACE [LTAY

LT TN NT

ir(lde vZeMARIVE) GO TO 182
Jdic 1TAT TLZ1eNPNT2

LKLkl LIA?

ISR RS IR IV _—

1 CrCs5(2)YeEnel) 6O TO 190
A O A (2% (MHORA(2)=1)

Ju 1A T1=1eNnpCK

BACAGPACC LTAR

CornLInNuz

I ("REC5(3)eEn.l) GO TO 200
HEL W= VA (3R (MORA(3)~-1)

LDC 191 I1=Z1eMBACK

A CHGPACE LTAZ

e STazl - . e e - . e e e

ColT s

cfelon LOAL



wbwl o LOAZ
RETURN

CREATE A 1EW PLOT FILF FROM A PREVIOQUSLY GENERATED
CHARACTERISTIC FILE. . e

!
OO0

300 we AD(LIAL) NGRINSs (NDEP (L) s IZ14NGRINS)
. (HARIV(I) s I=1sNGRINS) s NRTPNCTCT
20 301 IZ1,NGRIDS
301 NARIV (NGRINS+2=1)=MARIV (NGRIDS+1=1)
e MGML=NGRIDS=1 .
NTIMES=2%NGRINS
ISOLUT=1
ISUBI=IT1/2+1
WPARLI=MARIV(ISURL)
1sUB2=1T2/2+1
e e e WPAR2=NDEP(ISUB2)
NPZ2
_ WRITE(LOA1) ISQLUT.NPAR1:NPAR2,NP:NCTOT.

- D0 303 IR1«NRT S

READ (LIAL) ICVTOT»s (T(K) sKS1+NTIMES) » (CTOT (K) +K=1+NCTOT)
e 00302 J=1.NGM1

I2=ICHK({J)
302 .  IF(ABS(T(I2)=TFIXED(J))GTa(a01)) GO TO 303
WRITE(LOAL1)ICVTOT, TOIT1)»TCIT2) » (CTOT(K) 1K=19NCTOT)
303 . . CONTINUE . : e -
REWIND LOA1l
—— RETURN — . } . i
C
1000 _ __ FORMAT(AH »'INCONSISTENT SPECIFICATION OF MINIMUM PASSAG!'
. 'E RADIUS. MAXIMUM HAS BEEN SELECTED.')

END

LST ACCOUNT: AAV. . -~ PROJECT: VNDRVEEN
:02.176 IN: S5 QUT: 0 . _PAGES:




L.TAare.AUX2

vk K]
TITLE AL ORT Ok TO [LARTH
AUT'{OR l\.i‘..‘:i“lr{tfuf l)\

S)"()‘j"wf\,r‘ l../:.‘. r o, .i,l\.,;‘-r\»
LATE w=14=it

AT ASORT TRAJOCTORIES FRn o GIVEN HELIOCENTRIC

Py Cow a0 e

SO OOOCOGO GO0 0000

YRR
FCFUST = 117 TO START ABORTS wRT LLAUMCH
FTowAvaT = TT9F TG EMD ABORTS AT Lalt'CH
TADLT = LICReENT I TIME OF ARORTY
DVAPTY = TCRERFNT IN EARTH ARRIVAL TIMES
coatlIN = IRk OF EARTH ARRIVALS CORKESPONDIMG TO
LARLIEST ARORT TIMeE
SLERHUT L Aty
QD 2AaRSTreL]IST
Ll noISe 1LIST
SIMEMST i PMER) o (K)o CHA RO
,
AAFFLIGT/ARORT/TOFUSTy TOLAST»DTASKT»OTARIVINARIV
C
WL AD (S A2GRT)
T1e.0 =i (el
Tor0azT 3 (20 2)
it tlei)zan.
i (L) 23,
Lo oo
C
T LASTETARRT /2 o =TOC ST /DT RT4H
oo IzleNIl
, o NERAD VT =
=T SFISTHRLOAT (I=1) DT AT
e 0T 10R #+TD
C :
a5 daleh Ay
(b IYST LI+ 2, ¥ TOHFLOAT(U=1) ) TAR LV
) =T R
Ple 22T ALV
(72170, 1.1y 20 TO 1
(L) STALY e
) TP
1 Colll S7Tur(P)
Coll atSLs01,200)
W
LB Tz
. . A (lusaZdel) Call ENCTR(1e209r1JeCHA) S
[T e Neg) CALL FEHCTR(BY 3¢ IJeClHip)
oL Z0GTHI )
i B TIT=Lel
3 C(Lua+l0)=Ccuin(1l)
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INTAPCHARAC

IVEL
C

C
—=L

ODOOOCOCOoOoON0OOONODOOCOONOOOOO

3
TITLE CONTROL PKNGRAM FOR COMPUTING E'ICOUMTERS
AUTHOR Rowe GRUTZNER '
S""CW-‘S}\»’P '\.,:.'\‘,’A‘)"IL‘-‘ SO
CATE Db
PURPOSE MAKE LOGIC DECISIONS CONCERNING SEGUENTIAL CALLS
TC CONIC SEGMENT AND PLANETARY ENCOUNTER ROUTINES.
CALL CALL CHARAC (P, NPy CoNC)
INPUT. . TerQUGH LIST o . .
P VECTOR OF PARAMETERS
P NUMBER OF PARAMETERS
NC NUMBER OF CHARACTERISTICS TO COMPUTE
- THRQUGH! COMQOn o
TPA TIME=POINT ARRAY
.. NPQNIS.. .. . . NUMBER OF TIME-POINIS L
IE1C SEQUENTIAL ENCOUNTER TYPES
IGPT OPTIMIZATINN FLAG
oUTPUT  THKOUGH LIST ,
C VECTOR OF CHARACTERISTICS
SUBROUTINES SETUP,CONSEGrENCTRsOPTENC 7

SURROUTING STATEME T

SUSROUTINE CHARAC(P»C)

— e m e e

C
C

SPECIFICATION STATEJERTS

1.4CLUDE PARSTArLIST
INCLUDE KOMUSE sLIST
DIMENSION C(MK)»CHA(50) ¢ P (MP)

e i TRA(L e T4y

oOOon

CaLL SETUP(P)
Ln=0

DO 5 IJ=1,MNPONTS
NIZTPA(L1:1U) 4,01
IF(IJ.EQ«NPONTS) GO TO 3

IF ( (141 eEQeN2) LAND« (N1 NE.O)) GO TO 3

.. IF THIS POINT REQUIRES A DEBOOST MAMEUVER RESET THE
PLANET AT THE DEPARTURE TIME, ,

T=TPA(2yIJU)4DELSTP({IV)
- e IPAL2e TAIZT : — . S
CALL FIXPLC(IUrT)
—DO-1 12=1.3 . I

e JELTENCITU) JNELA) GO _TQ 2 e — —



PSTION(I2e IJ)=PLCVEC(12e1J)
CALL CONSEG(IJrIJ+1+0)
IENTYPZIENC(IW)
CALL ENCTRIEMTYPsM1»IJeCHA)
LoLTHETHTY) e =
¢ U I11=1.L
4 CILN+II)=CHA(TII)
Lzl LENGT (T
CONTINUE
F{IWPTLQN) RETURY
~doplel OPTFACI(C, IO e I0TY s VALUF)
LO 6 Tiz=1»LM
o CUNCHSR+L=TT) =C(NCUSR=LI)
C{1)=VvaLut
rRe TURN
i

(970 \ S

ol




mVLEL 3

TITLE
ALTHD
{nTc

PLURPO

11.0UT

CLUTPL

COOO0C GO OO0

- - UIMENSION R1(3)eR2(3)eV1(3)eV2(3)sCROSS(3)r VNTRSF(3)

EG
CoMIC SZGHMENT
12 'M;W.CRHTZﬂFQ
4/17/76n
SE GEMERATE SFQUENTIAL TRAJECTORIES CONNECTING TIME-POINTS
TIROUGH LIST T ‘
I NEPARTURE POIMT
J ARRIVAL POINT
IFORCN =0 FOR SUM CENTER: =PLANET NO. OTHERWISE
T TtR0UGHT COMMOL
CCALBSD . _TRAJECTORY BATA .. . .
SO CUTINE STAT ZmENT

SUARRNDUTINE CONMSEG(I»de IFORCN)

L LiCLUDE PARSTALIST e
1cLunt KOMUSF,LIST
CILCLUDE KOMPLNLIST . —
COMMON/CONFAC/PI HAFPI» TWOPIoGMSUN RTD DTR
COMMOMN/VYHELTO/VHCIN(3sMP) » VHCOQUT (3¢ MP)

VNODE(3) r VNORM(3) » TEMP1(3) » TEMP2(3) ¢ DV (3) » VPLNET(3) »
ELEM(3,3)

SET UP ARRIVAL AND DEPARTURE VECTORS

0C 1 IJd=1:3 — e

hnb

)]

OO0

COMPUTF IPCLUDEO AMGLE

R1(IJ)=PSTION(TJ,1)
R2(IJ)=PSTION(IJ»J) _ . , R
CONTINUE

- GHMEEMSUN -
IF(IFCRCHNWNFE Q) GHM=AMU(T)

THETA=VANGLE (R1sR2)
CRGSS(1)=VCROSS(R1:R2) . ..

IF (CROSS(3) «LT.0.) THETASTWOPI-THETA

_M- e e -
IF (THETAW.GT.PI) M=1

COMPUTE TIME OF FL&EHT AND CALL LAMBRE TO GENERATE CONIC SEGMENT
Ti=TPAC2y1y T T -
I=TPA(2:J)=TPA(2,1) _—

CALL LAMBRE(GM /My 1+/R1/R2¢/TLsToTHETAPA'E»V1,V2+0¢rIABORT)

++ +STORE INTo'EdﬁMON AR&;}“&[;gg“‘*“ e S



O Co O O

’
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OO

Sty Ye iy I
TR ezt
a0 e IYEVLAGIVEY)
G U eI TGl (211 4RT
Cor I (1= A0 ) =VRAGIRL) )/ (F eV G (1))

[ O TR SN rolo)ov’\":"?'o((COSFI‘]Q).(-’O(lﬂi_3))) COC)FI:J,.

1P Ll Teml s ) o AR L C(COSFi+14) wn3Ta{=10E-3))) COSF1==1,

e T D EMCACCASEFLI RRTD
F G iy 1) GTa 0. FLPSD (M 112860 =FLPSD{S )
LS ey T AG(VE)

cls U el 2 G T=VANGLE(R24V2) ) ¥R T

C 2l D) TEUPSLL S ) +THETA LR T

IrCLirrioe. OF TRAMSFER WITH RESPECT T0O ORUIT PLANES 4F

AIvaL A LUPASTURE PLANETS. IF FEITHER OF THESE IS A
S0M=RL A mtY T POINMT THE INCLIMATION wITH 28 SPECT TO THE
el ib T IC :

CILL e CONMPLHTFU

oo LUMUT L VU T e NRAL TO TRANSFER PLANE

Vi PRSI LISV ORNSS(R1IWR2)

VTS (1) ZVHINT T OVHTRSF)

S5 P EST L (L VHTREF(3)) .

v 1257 (L) =ySCALR (VNTRSF » SGN)

PRI A

TTEA (e K) 460

i {hre 3T ,0) G0 TO 3

Ti (el tal) KO TO 22

AV 1 C=ACOSIVHTRSF(3)) .

ool 1T=1,3

Vi LL (I Ie)=Ve (I

ot T4

LUPT C=ACOSIVMTRGF (3))

YOIV T U == W

VLU ITLT I I)=vI(IT)

I 1 ;

Vi i (1Y =CoSoMEGA (1))

Vo oD (D) ZSToMEGA (D)

viLOlL (2)=U.

it (e e I) VMCRIA(1)ZVCROSS (K12 VHOQULE)
IFiKebLwed) VNOGRM({L)ZVCROSS(H2y VNOJE)
SEHINTA 1 o n VMNORM(3) )

Vi 0RO (LSS CALR (VNORMe SGI)

it (rieir sel) NEPINC=VANGLE (VNORM VNTRGF)
i (reilaed) "RVINC=VAMNGLE(VNMORM» VIITRGF)
Coii Ul

'S0 2 1)ZDEPTLCHNTD

CLEPSG (L DY TARVINC*RTD
I (VLIE3) LTWAVELCTY(301)) ELPSH( 6+ 1)=~DEPINCXKTD
LF (V2(23) LT VELCTY(30J)) FLPSD(10»I)==-ARVINCXRTD

COMFUTE PGLAR CHOURDINATES OF RELATIVE VELUCITY VECTORS AT
DEFARTURE 4N AR LIVAL AN STORE_IM COMMO!I ARRAY ENCHA .

LY LT TUZ1.d
HAZTPA (L 1J)Y+enl
IFUiesTal) GO TO 5



UECLINZ)

nASC=0.
IF(IJEQeI)..VRELMG=ELPSD(3: 1)
IF(IJ.EQ«J) VRELMG=ZELPSD(7,1)

. _— - TI0
S D0 6 T¥=1,3
O ‘ VFLHET (IR ZVELCTY(IK» T )

IF(IJ."Ned) GN TO 7
JV 1) ZVSURIVE, VPLMNET) -

e T
.7 o LML) SVSUB V2, MPLNETY .
} VRELMG=VMAG(DV)
ALPHA=Z=EQATOR (N)
BETA=VEFRPH(N)

FINCL=FINC(N) B .
OMEG=QOMEGA (N)
. . -PERM=PERMIN(M)

CALL MATELM(FINCLsOMEG»PERMIELEM)

TEMPL (1) =AMTRTM(ELEM,DV) .
CALL MATELM(ALPHA»BETA» 0. rELEM)
TEMP2(1)=AMTRTM(ELEM, TEMPL1) _
RASCZATANZ2 (TEMP2(2) » TEMP2(1) )

_—— . IE(RASC L. T.0.) RASC=TWOPI+RASC_ __.

DECLIN=ASIN(TEMP2(3) /VRELMG)

9 - IF(IJ.EQeJ) GO TQ 10
ENHCHA (L » I)=VRELMG
ECHA (5, 1) =RASC
EMCHA(GP T)Y=NECLIN

GG T2 11 e

10 ENCHA(19J) =VRELMG
ENCHA(2,J)=RASC
ENCHA(3vJ) =DECLIN
11 CONTINUE __ . . _ . ____
RFTURN
e —.—END
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TITLE
AUTHOR
SPONS
LATE

EEVIS

PURPO

ILPUT

CuTPRU

l
i

PLANETARY CONSTAMTSNV?I
R P, Fo LOJG
OR A Ae VANDERVEEN

11-2-66
1G5 7=6=A7 .w.GRUTZNER SPECIFY SIX STANDARD ORBITAL

ELEMCNTS AND REDIMENSION TO ACCOMMODATE ARTIFICIAL PLANET
SE TG LOAD COMMON AREA PLANET. o

SWONE . — m——— L

r . THROUGH COMMON._ . . o

AMAJ SEMI=MAJOR AXIS OF PLANETARY ORBIT

ECC.. . ECCENTRICITY OF_PLANETARY ORBIT

TPHPAS TIME COF PERIHELION PASSAGE REFERED T0
- ~JULIAN DATE 2400000 o

FINC INCLINATION OF PLANETARY ORBIT TO ECLIPTIC
- QMEGA . LONGITUDE OF ASCENDING NODE_OF PLANETARY ORBIT
PERMIN ANGLE FROM ASCENDING NODE TO PERIHELION
VLFRPH . ANGLE BETWEEN _ASCENDING NODE AND. LOCAL VERNAL
EQUINOX
~~—-- KGATOR __ INCLINATION OF PLANETARY EQUATOR TO PLANE OF
MOTION
- RHO PLANETARY RADIAL CONSTANTS (FT)
At.U SRAVITATIONAL CONSTANTS (FT*%3/SEC*%2)

SUSKOUTINL STATEMENT

!

SUBROUTINE CONST(IREAD)

SPFCIFICATION STATEMENTS

It CLUDE KOMPLNsLIST

NAMELIST/PLANDT/AMU RHO»SMAYECC TPHPAS;FINCoOMEGA9PERMINr

... . _VEFRPH.EGATOR o R
COMMON/CONFAC/PI HAFPI, TWOPIrGMSUN RTD DTR

SET CONSTANTS
PI=3.1415921 .
e~ TWOPRI=2 . %P1 : . o
- —RTID=57.295780 S - e — . -
DTR=1./RTD
- - -GhSUNS 017202124 %%2 _ R

ORB1TAL ELEMENTS FOR_THE_PLANETS. —
ALL TIMES REFERED TO JULIAN DATE 2400000, R :

— —— —p— - —_ —  ————————— e




C ORBITAL PARAMETERS FOR MERCURY .

7.6453542E14
130645

AnU(1)
RO(1)

- - SrhAa(l)
£ccil)
TPHPAS(1)
FINC(1) 7.00399
OMEGA (1) 47.,85714
PERMIMN(1) 28,97%95%

0.205627
36899.375

NN

- e NEERPHII1YZ 060

ECATOR(1)= 040
C ORRITAL ELEMENTS EOR VENUS

AMU(2) 1.1449900E16

0387099 .. _ .

SMA(2) 06723332
U Y of ofl -3 B 0067916025 ___ . . .. _.  _
TPHPAS(2)= 36907.982
FINC(2) 339423
OMEGA (2)= 76,31972

ce— - --RHO(2) . = 3320, . —

!

e oo -—PERMIN(2)= D54 ,68859 e

VEFRPH(2)= 0.0
. EGATOR(2)= 0.0 . _ . .
c
c ORAITAL ELEMENTS FQR EARTH R
c
e e e AMUC3) = 1.40795253E16

. SMA(3) «Q . -
ECC(3) 2016725495
.. TPHPAS(3)=_36571.869 = _ . . _
FINC(3) 0.0
- - OMEGA(3) < D.0

RHO(3) 3438,
1
0

PERMIN(3)= 102,.25253
VEFRPH(3)= =102.25253 . G
EQATOR(3)= 23,444356

ORBITAL ELEMENTS FOR MARS

OO

AMU(4) = 1.5152000E15
. . _RHO{4)__ = 1840.
SMA(L4) = 1.,523691
s ECCAM) . .= 0.09336903
TPHPAS(4)= 36394.110

EINC(4) = 1.8u091
OMEGA(4) = 49,24903

. -— __ PERMIN(4)Z 2B6.07366 _ . . .o

VEFRPH(4)= =67.01463
- i o EQATOR(L)Z 23,98609

c
c 0RgITAL ELEMENTS FOR _JUPITER
C
el - AMULR) __ S 4.4672300F18

KHO (5) = 37735,

. _SMALIS) .= 5.202803 .. .



OGO

OO0

OO

OO0

-ORBITAL FEIFMENTS FOR NFPTUNE

ORKRITAL ELEMENTS

OKRITAL ELEMFNTS

= FINCALT)

AMU(9Q) = 1.1697500E16

. _RHO(9) _ _ = 3515. . . S .
SMA(9) = 39,43871

e —ECCLQ) = 250236

TPHPAS(2)= 47618.423

_FINC(9) =.17.,1699. .  _ U
OMEGA(9) = 109.88562
PERMIN(Q)= 114.27462. ——

|
:
2

PN

ECCin)
THHPAS(YS)
F1:€(5)
vt GA(S)

PERMINAS)Z

VEFKPH{D) =
LGATOR(S) =

- AULE)
KHO (6H)
SrA(S)
£ cC(n)
1PHPAS (/)
FINC(6)

- OMEGA (£)
PLRMIM(K) =
VEFRPH(A)=
EGATOR(A) =

ArLI(T7)
K0 (7)
SA(7)
ECC(T7)
TPHPAS(T)

OMEGA(7)
PERMIN(T7)=
VEFRPH(7) =
EQATOR(T)=

ApU(8)
R0 (8)
SMA(3)
ECC(8)

Finc(s)
- OMEGAL(B) =
PERMIM(8)=
VEFRPHI(8)=
EQATOR(8)=

Pllll“llll“

Oen48435
33a71.150
1.30536
100. 04444
?7}.62379
Mol

Da.0

FOR SATURN

1.3377600E18 . _
31n75,
3.538843
N.n55682
31303.352
2.48991
113.30747 ...
33£.,95700

0.0

0.0

FOR 1IRANUS

2.N459900E17
12800, .
19,181951
D.0u7209
8696.078

0,727306 .

73,79630
96,21453
0.0

0.0 _

244225900E17
11620.
30,05777¢
0.008575

_BleS. 67 .

1.77375
2131.33980
272.93415

0.0 S

0.0

"ORSITAL ELEMENTS FOR PLUTO




VEFRPH(9)= 0.0 N
EGATOR ()= Nag
e oIF IREAD +GT. 0 READ /PLANDT/
IF (IREAD.CT.0) READ(S,PLANDT)
CONVERT T¢ RADIANS
0O 1 IJ=1,20
e FINCATJIZEINC(IUNADTR o o
ONEGA (IJ)=OMFGA (IJ)*DTR
PERMIN(IJ)=PERMIN(IJ) *DTR .
EGATOR (IJ)=FQATOR(IJ)*DTR
VEFRPH(1J) =VEFRPH(1J) *DTR
CONTINUE
i RETURN . o _
e D



INTAP,CONSIR
EVEL 3
C - - .
C TITLE COMPUTE CONSTRAINTS
Cc
C AUTHOR R.W,GRUYTZNER
L

NATE 4/1A/68

PURPOSE COMPUITE THF PRESENT VALUES OF THE NFPENDENT VARTARLFS
GIVFN A VECTOR OF PARAMETERS

METHOD - SUCCESSIVE CALLS TO _CONIC SECTINN ROUTINE

STO0O000C 00

CINPUTS _THROUGH LIST AND COMMONM USER

P = VECTOR NF PARAMFTFRS
TPD = TIME POINT DFLIMITERS FOR IMVARIANT PARAMETERS

CUTPUT THROUGH LIST AND COMMON USER
Y = ERROR VECTONR
ENCHA = MATRIX OF FNCOUNTEP CHARACTFRISTICS

ELPSD =~ MATRIX OF FONTIC SECTION CHARACTERISTICS

SURROUTINES CONSEG,SETPLT

A0 N

' SURROUTINE STATEMENT

 SURROUTTINE CONSTR(P,Y)

@]

INCLUDE PARSTA,LIST
INCLUDE KOMUSE,LIST
DIMFNSTON P(MP),Y (MC)

|
|

e}

CALL SETUP(P)

COMPUTE CONIC SEGMENTS AS RFQUIRED
IF OPTIMIZATION IS TO TAKE PLACE COMPUTE ALL LFGS, SINCF

i
}
i

IS NOY DEFIMED,

+

sReNeifeNelle
2
c
[¥,]
-
r
—t
P
m
r~
-«
x
—
r
r
X
>»
m
-
o
p -
Z
<
I 3
>
~<
>
<
3
>
-~
(¥ 4]
(o
-
X
““:
e
Q
D
—
O
n
o
e}
N
-7
4
2
O
™
wn
m

DO 9 I=1,LERS
J=1
5 IF (((ICPRFX(J) FQ,N) AND, ((ICEN(J) LFQ,T).OR,
. (ICEN(J) .EQ, (T+1)) 1) NR, ((TCPRFX (J) .ER.1) 5 AND,
e (ICEN(J) +EQ, 1)) .OR, (I0PT,6T.N)) GO TO &
J=J+1
. IF(JJLE,NCSUSR) 60 YO 5§
80 70 9
6 IF (1ENC(I),NE,6) 6O TO 8
TPA(2,1)=TPA(2, 1) +DELSTP(I)
T=TPA(2,1)
CALL FIXPLC(I,T)
- DO 7 1I=1,3
7 PSTION(T1,1)=PLCVEC(IT, 1)
A CALL CONSEG(I,I+1,0)
9 CONTINUF

U SUU  — e e ————— - - e e e ——————— e - -



IF(1OPT.EQ.0) RETURN

c EVALUATE CONSTI-AINTS
C
23 k=0
lf'(I““bJTo(JT.n) K:l
OG-0 JZLl e NCSUSR. - e N
LCOMNEN=TCEM (Y)Y
LCTYPEZICTY (J)
IF(ICPRTA(J) «FQ.0) GO TO 17
c )
c C  EGUALLITY CONSTRAINT IS ON LAMBERT SEGMENT
C e F P, e
LTz ICTYPE =4
oL TO (13:14¢15:16) 2 ICTMNG
c
c SEMI=MAJNR AXIS CONSTRAINT .
c
13 X {J4+K)=rLPSOL1s ICONENYI=TARV (J) _ I
6o TO 22
e ECCENTRICITY CONSTRAINT )
-
14 Y (J+K) ZELPSD (25 ICONEN) =TARV ()
_ w0 I0 22 ol e B
2 DUMMY COISTRAINT .
RE; 6o To 22
o DUMwY COWSIRAINT. o e
¢
6 Go TO 22
L
- . JEGUALITY COISTRAIMT IS AT ENCOUNTER
T LE(ICTYPE EQ.1) GO T0 18 i
CALL DMCSTR(ICOMEN, ICTYPE,0)
o To 11S,20r,21) I1CTYPE
- DELTAY CONSYRAINT ,ﬁ
B Y(U4K)SENCHAL .« TCONEN)=FNCHA (42 ICONEN) =TARV (i)
6o T0 22
C o , )
c DUMMY COMSTRAINT
C o . . .
19 Go TO 22
c . . . e _
C DUMMY CONSTRAINT
c o L R . L
20 6c TO 22
C o oL — [ e
c DUMEY CONSTRAINT
C _
21 G0 TO 22
22 __ CONTINUE R N ) B



oot VALUATE Ry SeiiT ValUL OF FUMCTION ¥4 uk OPTIMIZED

O TO (28925006027 ) 10TY

ee s brif. FULLO&TAS aldE Ll DINESTES STHOE t, FRUTS. ARENT DFTHED..
1(1)=0C,
g, Thiny
T{(1)=1.
RE TURH
Y(llz=e.
E TN . o
Y(i)1=3.
RETURN
Y
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T Ty OO

> LCANONM
3
TITLE LCCE 1T IC A 10T ALY
AUTHOR e MILikKOFE
SEOMSOR AgsAe VALILRVEEM
ATt Yaud~67
VENISTON RoweGRUTZILER 4=30=67 LIFTED ENUATICNS FROM MAINL AND
PLHT IMT) FORM OF SURRQUTINE
PP OSE COMPUTE ECCENTRIC ANOMALY GTIVEN AUATI ANGMALY
MU FCCTTRICTITY
P e TAn ITERAT[Ve SOLUTION OF KEPLERS EQUATION
TWPUT THROUGH LIST
£ ECCENTRICITY
" MEAN ANOSALY
CUTRUT CTeROUGH LIST
ECAL, ECCENTRIC ANOMALY
QUALOUTINE ECAIDA(E 1My ECAN)
 UREALM
ECANZM
I-1
10  GUESS=ECAN-E*SIN(ECAN)
IF { CABS (M=GUESS) ) o LT+ (,000001)) 6O TO 20
 _ECANSECAN+(M=GLUESS)/ (1.0-E*COS (ECAN)) )
1=I+1
IF(I.LE.100) &0 T2 10
NKITE(6100)
160 FORMAT (43HOCONVERGENCE NOT ACHIEVED IN 100 ITERATIOMNS)

' RETURHN
e e N DU Sl




l‘TAPoLNCTq

. vEL 3
C
C TITLE E1.COhIE o CitAy ACTERISTICS
C .
T AUTHOR HeW o SFLTLNER
C
2 OSPORSOR AeAeVA 1 ILRVFE!
C
C LAT= Ve 2 i = F e
< . - — .
T PURPOSE Cible POWLIR SEQUE '!CE OF EN"OH ITER SUAKQUTINES
"
C Calkl Chll E CTROIENTYP»LAMBRYNLy TJs CHAPLFNGTE)
o .
T 1LPUT ThRONGH LIST
C - LenIye e ENCOUNTER TYPE
C LarD; CONIC REGMFNT FLAG
z il DEPART PLAMET NUMBEK
e Iy TIME=POINT NuUMBFHR OF DEPARTURE
- CTHROUSH COMMOM - .
O cLPSD FLLIPSE CHARACTFRISTICS FOR MEXT SEG.
C . e ) _ e~
CowuTPUT THROUGH LIST
0 LENGTH NUMBER OF CHARACTERISTICS COMPUTED
- Cieh CHARACTERISTIC VECTOR
C o L
¢ SUSROUTINES LopCHA <1TH EMTRIES LOADLOADLLOAD2LOAD3,LOADLG,LOADT
c _ e e e L
C SURPCUTINE JTATLME”T
C e
SUBRNUTINE EMCTROIENTYPeN1»IJ»CHA)
C
C aPECIFICATION STATEMENTS
C . e P
IncLupr rALQTAv'IST
I1.CLUDE KOMUSE L 1IST
DIMENISTION CHA(S0)
C o
IF(IENTYPL.EQsD}Y GO TO 80
: e CALL ENCTRLLIENYYPANLI s TJe Sl : : e e
1 GO TO (1L0s20+30,40e50¢60¢70 lO)r 1IEHTYP
C .
C ...CCMPUT& ARRIVAL OR ﬁEPARTURF CHARACTERISTICS
C
16 CALL E'CTR?(IFNTYstll
11 . CalL ENCTIR3A(®12) . - e
12 CalLL EHCTRS5(%13)
13 call LOAD (CHAa.%14)
14 CALL LOAD1(CHA+%$80)
C
c --.COMPUTE BALLISTIC FLYBY CHARACTERISTICS
C . o o I - e e
20 CALL FlCTR?(IFNTYP'SZI)
21 CALL LOAD(CHA,$22) .
22 CALL LOAD2(CHA»%80)
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LinTARSENCONT

Vil 3
TITLE COMPOITE ENCOUNTER CHARACTERISTICS
AUTHOR el e PRUTZNIER -
SPONSUR AsNe VANNERYEF !
DATE H=24=63

FURPOSE CLNDUTF FFCOU'TtR CHARACTEplgTIC AS ,ICTATED BY
FLAG TENTYP. :

PETHOOD PrOGRA™ 1S EMTERED THROUGH ANY OF SFVERAL EMTRY POINTS
AHD CO*PUTES CHAKACTERISTICS PECULIAR TO THAT SECTION.
e A-ENCUUNTER. MAY _CONSIST OF SEVERAL SETS OF COMPUTATIONS

IL.PUT CTHROUGH LIST S
IENTYP ENCOUNTER TYPE
N1 PLANET NUMRER
10 TIME-POINT NUMRFR
C_BX _ . XzRETURH STATEMENT IN CALLING. PROGRAM

ThROUGH LO”VO“

ELEMENLTS OF COMMON BLOCK /PEMCTR/ DEPENDING UPQON
WHICH [ ITRY POIMT IS USED. SEE DOCUMENTATION OF
/PENCTR/ FOR DEFINITIONS.

CUTRUT . . _ IwROUGH COMMON_ . .
ELEMENTS OF COMMON BLOCK /PENCTR/ DFPENDING UPON
AHICH ENTRY POINT IS USED. SEE DOCUMENTATION OF
/PENCTR/ FOR PEFINITIONS,

SUBROUTIMES EQRTR»OPTRAN»PERXFR
—_— et e o A e A
SURROUTIN& STATEMENT

SUGROUTINE EMCONT

OO0 CGOO0OCGOOCEOOEO000O000CC

SPELIFICATIO% aTATEMENTS
INCLUD_ PARSTA.LIST
INCLYUDE KOMUSELIST
INCLUDE KOMPENOLIST
INCLUDE KOMPLNPLIST
COMMON/CONFAC/PIvHAFPI» TWOPI +GMSUNPRTD DTR
. — . ._ COMMON/VHELIO/ZVHCIN(3,MP) VHCOUT (3 MP)Y_ . .. . ... .

rlnn

: QIMENSION V2) o VHIN(3) o VHOUT(3) » VLOCAL(3) » VNMIN(3),
. VANMOUT (3)  VNODE (3) » VNORM(3) » VPER(3) » VPERP(3) »
. CROS(3)POSIT(3)+RTRAN(3) REQATR(3) rA2(2)2E(2)
. OVI3)eVL(3) P V2(3) 2 ASMTOT(2) rELEM(393) »UNITN(3)

AR AR AR AR AR AK R R KOK AR O R K K KKK ORI RO OR KRR R R Rk R K

OGO

ENTRY ECICTRICIENTYP2N1rsIdeD)

**rt#*t#****t******t**********************t*******t*****t***#****
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C
C

THIS ENTRY COMPUTES CHARACTERISTICS coMMonn 70 ALL TYPES OF
ENCCUNTERS -

oo st b TERMINE WHITHER a PASSAGE RADIUS OR 4lLTITUBE IS SPECIFIED
FCR THIS TYPT OF EYCOUNTER AMD SET THpuTtS

HPLNO=WL
TIMOUT=TPA(2,1J)
TINMEIN=TIMOUT=DELSTP(IW)

S GO-T0 (1033190101210 321)JENTYP e
ACATIO=ZARATS(TY)
DECLP=PERUEC(IJ) .
1IF ((PSGCOM(TIJ) eGTo(«01)) s ANDL (PSGCON(1J) 4LT«{10.))) GOTO2
PRAD= (RHO(NPLMNO)+PSGCON(IJ)} Y %6084,
PALT=PSSCOM(TY)

- .G I0 3

PRAD= PQ)LU!(IJ)*PHO(NPLNO)*OD%Q-
PALT= (P RAD=1.)*RHO(NPLNO)
VIN =EHCHA(L T U)
RASIMN ZENCHA(2,1J)
UECLIMNZENCHA (R, 1)

MOUT  sENCHAS 4 IJdY e
RASOUT=ZEHNCHA(S, I U)

_ LECOUT=CNCHA (s 1) .
IF(IENTYP.FN.1) CALL VASTOT (1)
IF(IENTYP,EQ.8) CALL VASTOT(&:!

e oCONVERT _ASYMPTOTIC VELOCITIES TO FEET/SEC. AND ALSQ STQRE .
INTO v1 AND V2 VECTORS FOR SUBSEAQUENT USE

V(1) VIN%¥37702.1
V{(2)=VOUT*97702.1
Vl(1)—‘COS(DECLIN)*COS(RASIN)
e L N1(2)==COS(DECLINIASIN(RASINI. _ .
V1(3)==SIN(DECLIN)
- N2(1)=COS(DECQUT)}*COS(RASOUT)
V2(2)=COS(DECOUT) *SIN(RASOUT)
_V2(3)sSIN(DECOUT)Y = =
BA=PI=-VARGLE(V1,V2)
IE(hPLW0.FQa0Yy GO TG 77 . - e
CalLL SuUBSOL
- -RETURN 4
RASCSP:O.
__ DECLSP=0. R
RETURN 4

**********tt***t**t*#*#t**********
EPIIEL LI 2231 S 2 AL Al s L

_EMTRY ENCTR2(IENTYP:$) _

c
-C . __THIS ENTRY COMPUTES SPATIAL PARAMFTFRS FOR THE PLANETARY OQRBITS
C

. --BENDzZBA+PI . e
o2 DETERMINE ASCENDING NODE VECTOR
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ve o ASCENO L 17 1 AL

IF (AL DG -ERE) o LT, (e 00010 <0

VEOGLU L Y2V CAL RIVHODE p=3 4 )
- L LROS ML zVAR0es VL VHOLE )
CROS{ 1) =ViIITIT(CPRDS)
CBLINCTATOSICROS ()

e oo s o COMPUTE O TOAL AL CHMECGAZ

e QEESAIEPI-VANCLE (YL L VMODE

OMEGAZ=YANGLE (V27 VHONE )
GO TO 1%

2o o ASCENDING N IS VIRITUAL

J 'LC: (v"i ‘;() ( hlG—.‘:ﬁEj%Ui AGT‘ ( & UDD! 3 ‘ L‘“-\

VEOLE (1) SVSCALRIYEODE s =14)
CROS (1) TVCROSGUYONE V1)
CROS(L1)=VUNIT(CRCS;
PLINC=ACOS(CRNOS(3))

s0es e LOMPUTE (.7CGAL AprD urEGAZ2
OMEGALI=YANGLE (V1 VNODE) +PT

OMEGAZ2=TWUPI=VANGLE (V2 VIO
6L TO 153

1
i

H

THIS CASE Ok T40 REAL HORES. Fli 1iony

ASYMPTOTE WwHIC.t TS ASCENDTING

I (v odiLTelniad)y GO T4 1A
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GO To 15

ek ITHT Tink M CLOSTST T¢ THE I0CH 1773

THBOUNG VELUILTY VECTOr 15 ASCENOLS

LF (Gl Lo LT 2LGLEZY GU TD G4
VEODFE (1Y ZVSCAL R IVHIODE »~12)
CROS (1) =ve0S4 (VL VHOLE)

CHROS (1) 270 ITTCPOS)
CPLINCEACUS(CPeS(3))

es s o COMPLUTD € DAL ALD ONEGAD

OLESAIZPI=-VANALE (VY VHODE)
Ul"”ﬁg[lz: ra‘- (LUI—“:' A '“GL.E‘ ( ‘,!',?_ ’ J‘,“iﬁr)r‘“ )

COMPUTE LOUHGITUNE OF THE ASCENRING 1ONF

VNCGDE (1) =v i 17 ivi:ODE)
POREGASATAN 2 (YHOLZ(2)  VNODF (1))

2OYLETOTE SINCE

BALLISTIC FLYRY COMPUTE PERIAPSH ALTITHNG, VELO

DECLINATIGHy RIGHT ASCENGLON mllb &7 oy

NSRS

. . IE NFEITHES ARRIVe(DEPART NOR BALLISTIC Fi.yBEY, RETURN. 1F -

CITY:RADIUS
SETWEEN ASCEND NG

NODE AND PERIAPSE . IF ARKIVE OR nnaici LoriPUit onlY OMEGAF.

GG T (17¢1601Fr iR 18p18v1501 70,

e 3 ) = 1 FCOG R s L2 e ) -

Azl y=pru(HPLECY /Y1) %% 2
PERPAGZA2(1)*(F{l~1a)

LT

VELPERZSWTIZ2 , # A HPLEO ) /770 PRAD V(1) %4 2)

PRALUZPERIAN/HCBD . /RHO (HPLEN?
PALT=(PRAD=1 ) *#RIiD (MPLHO)

v e o COMPUTY UNIT PERIAPSE VECTOR &% 'IORMALIZED SUM OF

- VIN=vOUT

DELVAL =Y In=YouT
VEER(1)ZVAND Iyl v

e e NRPER(IYSVESCAL (VP E e s

17

VEER (I VUL TT(VPER)
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DECLPZa R {VPFE3))
O EGARPZIMEGALBERD/Z. +TWOP &
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ERTRY 80

THIS BEOTRY CoM-ITES e SoST Al 0% T VELCCITIES TO AND FROM
CIRCULAR Lo it 7LD Ovn DTS FOR SR GTVALY [DFPARTURE AND STGPOVER

CASES .
oo  COMPUT CLoC dna Ve 0L ITY AT P ARSE
v LA DT O ol 10) /PRAD)
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. Pt S L VR B T
AEINMZ L 3/ 6105 0,
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VAPOZVL it x5 0/ (20 ¢AS=PRASD)
e 0 o COMPUTE PUKLML W LOCITY O T2 30000 pAD OUTEQUND LEGS

e NELPYIZSURT(2 o 2 {VELCR %2+ { 1) %%2) o .
VELPHZZSORT(2, 4 {VILCk%2)+V (21 %%2)

.« JCOMPUTE DEPOOST ALl ©09ST TO A1) FROM CIPCULAR

CDELVCIZVELPHI-VELC
e DELVC2ZYELPH2-VELC

e o o COMPUTE DELODST Al LOOST TO AN FROY SLLLTPTIC

UELVE LT /o Lii) -V L
VELVEZZVELP IS - VELVE

e e o SUM BOGCST 127 L00GT

SUMVCZUFLVC I+ ELLVCe
SUNMVFZOFLVEL+HELVERZ

i e RETU . -
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b T i ICTrns)

DETFRMINE WHICH OFTTINN Spall BE USEN 7O COMPUTE MINIMUM iMPULSE.
o IF A PERIAPSEL TO2ARSEFER AL KRMIN YVIPLDS AN eEXCESS IN THE BEND ANGLE

THIS ENTRY Cov oiTic ST0ace IMPULSE OPTTMUM HYPERBOLIC TRANSFERS.
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INTAP.EGRTR

OF TRAMNSGFER POIMT

VLl 3
C
C TITLE LT PAGSAGE TRANGFEN
C
C AUTHOK Hena i T Tk
C
C SPONSOR Nervetpr o HER
C
C LATE 1=-25=-6
c . .
C PURPOSE FIND T T MTS OF HYPERRDL A THaT fAVE A MINIMUM
C PeRIAPS OISTarCEs TO USE A5 A STATING GUESS FOR OPTRAN
C
C METHOU STANNARDY CoMIC EQUATIONS
C
Cc InNPUT o THROQUGH: LIST
C BT W REDM ATL-Li PLUS 2T
C ) AR () SEMI-TRAIISVERSE AXES
C £{(2) FCCFHNTRICIVIES OF HYPERSOLII
[
C CUTPUT [RoUGH CeH0r
C — S DULVEL VELOCITY REQUIRYD FOR TRANSFER
C DTt TRUE AIOMALY Ok 'SLOWERY HYPERRBOLA
C
C

SUBROUTINE EQRTRIEP A2 VINF e 3EMD e Je VEQUAL » THZEROQO » GAM)

(@]

oo XnclLUDE KOMPLINeLIST 0 -
COMMOM/CONFAC/PI»DUML(S)
DIMEMSION E(2)2A2(2) eV I(2) 1 PARAM{Z) »SINGAM(2) » GAMMA(2) »
. VINF (2)

DELTHT=AENN=ARCOS (=1 /E(1) ) -ARCOS (=1 /E(2))
e A=BLL) A2V R(E(2) %21 1 =AZ (1) *E 12 #COSIDELTHT) %
. (E(1)%x¥2=1,)
GTAZ(1YRE(2) % (E (1) #x2=1 ) ¥S {0 (1)
CoA2 (1) e(E{L)*¥2=1,)=A2(2) % (E(2)x%/~1,)
LDISCR=ZSART(A*R2tH¥¥2=Cx %2 )
ROOT1=(A%C+8+DISCR) / (A%R2+HA k42 )
e HGT R (AKCEBLLGSCRIZ (AR 2+ 4 2) e
DELLTHIZARCOS(ROOTL)
I1=1
1 IF((({(C~A%COS(DELTHI) }/B)=STN(DOFLTHTI) ) JLT.(.0001))
. 50 TO 2
I1=I1+41
e e e TR AT WED4D) GO TO & . .
JUL.TH1=ARCNS(ROOT2)
G0 T2 1
2 R=A2 (1) *(E(1)xx2~-1.)/(1, +t(1;$509(hK!1H]))
0O 3 Id=1+2
VIIJIZSIRT (2 xAMU(J) /REVINF (L jr#x2)
e PARALI N A2 (T (E( T D) 21 ) —

JluGﬁf(IJ)‘SQQT((RARAM(IJ)/N)/(,,f(W/A>(IJ))))
3 - SLIMA (T ZARSTHISINGAM)
GAMMA(2)=P1=GAMMA (2)
C



C - COMPUTI VELUCITY CIFFERENCE AT IHTEQGECTIOLN
C
Ve QUAL T L0 TV ) 424V 2) 422  xV (11 ®J {21 %COS{GAMMA (1)
. ~GAMUAIA(2) ) )
— COSPATZ VD) &x 07 vEQUALLE$2--7 1y o k) /Lo, ay (2)*VEQUALY -
PLIZSACHS(CNSP0T)
GAMZGAL JAL2) 4011 ]
6o To 5
4 akITE(He111)
111 FORMAT (L AD p 20x 0 vk sk ok k2 b ERIOY T PR TREaxkkkkd gkt )
Chtma AIT S . e
HZEROZOCLTHIL
L (VIR (D) WGT  VINFL2)) THZERGEMELTHT=THZERQ
RETURM
e

n




LNTA
SVEL

TGO OOGCCOCOO0000CO 00

PLFIXPLC
3
TITLE COORNTILATES OF PLANET'S CEUTEw [ ECLIPTIC
—AUTHON é:.hct\"“’rd‘.[”-':
UATE 4/ 1/
PURPO LI CONVIRT THF TIME POINT ARRAY To A VFCTOR IN THE
CCLIPTLIC COORPTINATE SYSTEM™
METHOD Ke PLEKYS FJUATION AMD MATRT L mitLTIFL ICATION
InPHT CaROUG ST
1J TIME POINT SEQUENCE MUMKER
i TIME (JN=2400000.)
CUTPUT Cooia GO0 B

FLCVEC VECTOR COMPONENTS

SULRDOUTIIES ARGy D CAHO Y TRUANMy RADMAG PATH L e MX My CONST

¢ SURKCGUT I STATEMENT e _ - e
C
SUSKROUTINHE FIXPLC(LJrT)
C
1. 00LUDE PARSTAPLIST
IMCLYGE ROMUSELLIST
o InCLIpE woMPLH e LIST. . . - - e .
DIMENSINN RCOMPII)YeELEM(3»3) pRECLIP{3)»VCOMP(3) 2 VECLIP(3)
C o
MeTPO(1r1J)+e01
F.M.GT0) 60 TO 2
3¢ IK=1¢ 3
e MEL STV ITIK e I =0.
1 PLCYIC (IR TJY 20,
GO T 4%
C
C SET PLAMNETARY CONSTANTS IF NaGT.0
C
L. e ETECZ UMY — e
Az=SMA (D)
TP=TPHPAS (1]}
FIMNCL=ZFTINC ()
OpEGZOMEGA (W)
PERM=PFAIMIN(N)
Lo e - e - - e
C e o  COMPUTE MEAL ANOMALY
C - . )
Call. “ANOMIA» T+ TP+ ANOMM)
C
C e e o COMPUTE ECCEHITRIC AMNOMALY
ol R e e ;

OO0

CALL ECANOMCE , ANOMMsECAN)

oo o COMPIITE TRUE ANOMALY



[eNe'Ne!

Yy O

\

OO0

OO e

Cakl TRUANMIECAN E» THIM)
e o LOMPUIE RAL LIS AND VFLOCITY COMPONENTS TN ORBIT

abl R AG (A F s ECAN TRIM AN - B0 QAR
CALL SLOPLIA»y s RANy TRMM: GAMY 11}
CaLlh VLLHAGTALRAD s TRNM e GAMMA Y OMi-

e e o COMPUTE ROTATION MATRIX ELEMENTS
CAlb MATELU(FINCL. OMEG«PERM ELEM) . -
s o o LONVERT TO ECLIPTIC SYSTEM

RECLIP(1)=AYTY (ELEMsRCOMP)
VECLIP(1)=A"TY(ELEMsYCOMP)
. .STORE VECTOK S
5O 3 IK=1+3% - a
VELCTY(IK»IJ)=VECLIP(IK).

b PLCVEC(IK»IJ)=RECLIP(IK)
4 rETURN o e
L_Fn.)

PLANE




INTAPLFIXREL ____ _ - L

VEL

3

C-TITLE . . COMPUTE RELATIVE VECTOR . o

C

£ AUTHOR R OWGRUTZNER .. ... __. . e S

C
C DATE
C
C PURP

bo

POOOoOO

———— 4 S16/68

OSE-— ——1F-A POILT OTHER THAN THE PLANET CENTER IS SPECIFIED
AS A TARGET THIS ROUTINE CONVERTS THE PLANET CENTERED

- ————SPECIFICATION TO THE ECLIPTIC SO THAT THE VFCTOR MAY BE

ACLED T2 THAT REPRESENTING THE PLANET CENTER. ALSO SETS
- — ———UP NON=PLAMETARY TIME POINT CQORDINATES IN _THE ECLIPTIC

METHQD _ ____ MATRIX MULTIPLICATION

JInhPUT THROUGH L IST e e ) - e

O:L“)(Wﬁﬂﬂﬁ

@]

OUTPUT

I1J TIME POINT INDICATOR
—g—‘gm_?gébUGH COMMO&M 7 - a
____ _RELVEC  TRANSEQRMED VECTOR

. 2UBROUTINE STATEMENT. - - e

- ——— SUBRQUTINE FIXREL(XJ)Y = __ e

e INCLUDE PARSTAeLISY . . . o L
INCLUDE KOMUSELIST
INCLUDE KOMPLMeLIST

DIMENSION R(3)/ELEM(3+3)»RPRIME(3)RVEC(3)

N=TPD(1,1J)+.01

s e RELVEC (1 p IJ)=TPA(3r IJ) *COS(TPA(S5: 1) ) *COS(TPA(4r»IJ))
RELVEC (2, IU)=TPA(3¢IJ)*xCOS(TPA(S»IJ))*SIN(TPA (4 IJ))
RELNVEC(3 T STPA(Rs T ) ASINI(TPA(S,,I.d))

- -——1F N20 TIME POINT 1S _NOT A PLANET. HENCE COORDINATES_ARE _GIVEN

HELIOCENTRICALLY. IF NeGT.0 POIN IS A PLANET AND COORDINATES ARE

obhobo

GIVEN_IN A PLANET CENTERED SYSTEM. MUST_CONVERT TO ECLIPTIC

1 (N EQ.0) RETURN

DO 1 I=1,3
R(IJ=RELVEC(I,XJY .

ALPHA=-EQATOR(N)

e BETAIVEFRPH(NY .
FINCL=FINC(N)
QMEGZOMEGA (N)

PERM=PERMIN(N)
CALL MATFIM(ALPHABETA»OeeFLEM) = : S

RPRIME (1) =AMTV(ELEM/R)

CalL MATELMI(FINCL »OMEGePERMELEM). S
RVEC(1)=AMTV(ELEM/)RPRIME)
D0 2 I=1:3

RELVEC(I»IJ)SRVEC(I)

RETURN. e . . , , .

END



INTAP.LAMBRE ..

_VEL 3

C e
C TITLE SOLVE LAMBERT'S PROBLEM
c - — L . S — S
C AUTHOR P.A.WHITLUCK (MODIFIED BY RVWVGRUTZNER)
C e
C LATE 4717768
I . _—
C PURPOSE GIVEN Tdo POSITION VECTORS AND THE FLIGHT TIME, FIND THE
Co . r‘nm]’r CF(‘T!DN FLFMFNTS o ——
C
C WETHOD ——— THIS SURROUTINE. -EMPLOYS A NEW SOLUTION TO LAMBERT'S
C PROBLEM BY We LIM DESCRIBED IN JAN: 2967 MIT REVIEwW
' N .
C INPUT THROUGH LIST
<o Gy —GENTRALFORCE GRAVITATIONAL CONSTANT . . ___
C M =3 IF THETA.LT.PIs» =1 IF THETA.GT.PI
C S TN - - 1+NUMBER OF COMPLETE REVOLUTIONS. =1 HYPERBOLA
= R1 INITIAL POSITION VECTOR
C B — 1) : - FINaAL POSITION VECTOR RS
C THETA INCLUDED ANGLE

oS I REQUIRED Fl IGHT TIME . _
C
C QUTPUT . _IhRQusu_LISI__Wﬁ —— .
C SEMI~- TRANSVERSE AXIS OF SOLUTION CONIC
C E . ~ECCENTRICITY OF SOLUTION CONIC
C Vi DEPARTURE VELOCITY VECTOR

N ¥2_ ARRIZAL_MELQQIIINMECIQB_W__Mm_______m__,,m .

C
Cc _ SUBROUTINE STATEMENT ) L
C
”““___““SUBQQUIINE”LAMBRE(GMlMINPRL!BZ!Tl'TlTHEIA!A'E!VllVZ'

. 1DBUG» IABORT)
C N _
COMMON/CONFAC/PI+HAFPT» TWOPI s GMSUNsRTDDTR
C
DIMENSION R1(3)vR2(3)vV1(3)vTVl(S)'TVZ(B)oVZ(B)oANGMOM(3)
7777777 —— NAMELIST/ERROR/R12R2+T1 2T+ THETAsALEC CeSeXoYrweBEMe TMs
R SGNT+COEFT»TP,QMrQ@»SQrCRrSGNOIFACT » GRP» XQ
. C - -
MINAZ=O
RIM=VMAG(R]) el
R2M=VMAG (R2)
——  SGNM=M=2 - I ;
Q=0.
C .
S DEFINE C AS CHORD FROM R1 TO R2 AND S AS HALF THE PERIMETER
C N R U .

C= SGRT(RIM**2+R2M¥*2-2 *RIM*RZM*COS(THETA))
S=(RiM+R2M+CY /2, ) R
AZ1.+R24/R1M

Y=C/R1M

#ZSGMNMASQRT(L1,=(C/(RIM+R2M) ) x%?)

- — [ — — e

OEFINE TIME OF FLIGHT ON MINIMUM ENERGY ELLIPSE

[ I ]



OO0

OO0 poo S¥e

oN @]

«,

oool

COMPUTE T1%t OF FLIGHT ON PARABOLIC ORRIT

SEMTACQAS((24%C=S) /S)

T ZGORT(S*%*3) / (84%GM) ) ¥ (PI=SGNM* (BEM=SIN(BEM) ) )

SuNT:SIGN(lolTM‘T)
IF(ASS(T=T¥) «GT.+005) GO TO 2

e e AT S PHELIVINMER2MEC) -
MIHiAZ=]
6L Tn 12 :
CCLET=SART(« 5% (RIM+R2M) %% 3 /(1)

TP:COEFT*SQRT(10'W)*(20+W’/3-
—- - lenCE=1 -

TroL=,001

IF (ARS(T=TP)WsLTa(.1)) TTOL=,1

LOMPUTE we XIMUM G FOR HYPERRQLIC ORRBIT . .. e

A SALOG( (1. /ARSIW) ) +SART ((1a/Wx%2)=1,))
FrizN=1

TEST IF FIRST TIME THROUGH

It (ABS(2)+.GT+(.001)) GO TO 6

INITIALIZE @ -
Q=5
IE(N.LFL1)60 TO 6 -

W= o 7S4FN%L .5
BEGIM ITERATION ON Q

LU 10 J=1+50

21

JELT=TP) B:7:7 . o

CELLIPTICAL ORBIT .

—— IF(Q.LT.PI)GQ TO 71 .
@=(PI+Q0OLD)/2,
SG=SINLQ) T,

Oy Oy

Co=C0os(Aq)
o 5H0=1. e
Go 70 9

HYPERBOLIC ORBIT
IE(Q.lT.QM)IGO TO 81

NN i

1

Q:QM/Z.

...COMPUTE SINM AND COSH

ELZEXP(Q)
Er Qe /FEQ

Lez(EQ=EMQ@) /2,

Cuz(EwtEMQ) /72, . - e
$SGil0=e1,

FrCT=1le=wW%CN



OO0

91

CHEChR

OO0

OO0

93 -

10

OO0

12, . _ . __LOzak25%RIM/A . .

— 13 -

-C. . COMPUTE A4i.GULAR .MOMENTUM VECTOR. AND THEN MAGNITUDE

¢ COMPUTE SEMI-LATUS RECTUM AND ECCENTRICITY

r (FACT T eNe) WRITE(APERROR)

FLOATZ LT (FACT)

COMELUT.D ofw[=MadOk AXIS

ATHEIOY A X ERIMFFACT/SO+ %D

Gl PEEACTH(FHIRkPI+G)=S0% (CO-9)
AUSoHORCOFETH#FRODT KGRP/S0% 43

PRGIX@H (=3, ¥CO/SU+SGHOK S+ ¥ SG/FACTHE0NO¥SQ/ GRP*

(L).*(;(‘-{ ¥y ) )

DY LU Ve aENCE

Dyxz=X)=T

IF(A3S(OX) LT, TTOL) GO TO 12

COMPUTC -lEWw @

QcLD=C

Jd=0=NX/PXu

[F (GeGTLUIGO TO 93
w=GOoLN/ 2, ‘
1 (I Us«EN0)G0 TO 10

LEITE (e 9G)NOLD» PXQr COPNX e XO

CueMTIHUE

it (ICF.GTs1) GO TO 11
1oNCE=2

TTOL=1.xTTOL

w0 10 6 v oo

WEITE(650112) XGrTrDX
CaLL EXIT

COMFUTE UEPARTURE VELOCITY VECTOR

UzSORT{1l./(X=Y)=D)
IF(THETA.GT.P1) y==-u
IF("IttaWEL.L) GO TO 13
Vv=0. .

6o TO 14

_V=SGHNTESART (1, £(X+Y)~=D).

SCALK=SQRT(GM/R1M)

. _COEE=SCALRx(U+V)/C =

SCALR=SCALR*(U=V)/R1M
V1iL41)=VSUB(R2,R1)
v1(1)=VSCALR(v1+COEF)

Tyl(1)=VSCALR(R1.SCALR) . .

v1(1)=VADD(V1,TV1)

o — ANGMOM(1)=VCROSS(R1.V1)

ANMOMSC=VMAG (ANGMOM)

CI1F (LABORTLEQe1) CALL ORBIT(R1,V1,T1)



000!

PN G Cr e/ G
CoSGRT (1 e=2/0)
Cut F1zVOOT(RTIHVI) #(1e=COSITHETAY Y/ (Pxl1M) -
. SGnTGA/DP) «STH(THIFTA) 711
- ColF ezl e =H1 (1.=COS(THETA) ) /P

COMUTE AntIVAL VEILOCITY VECTOR

V2 (1) zvsCal (i 12 COEF L)
Tve ) zVHCALR(VL P COEF2)

—— s velll=vaouva, Tva) -

e e o CONVERT VFLOCITIES TO EMOS

L GTRD 25/ TVORT
V1(1)=V3CALR (Y1, EMO)
- o Ve (1Y=ZVSECALR(y20£40)

FORMAT. STATEMFITS

94 FORVAT(SH QA0LDIPELIY4 7ol PXAIC14793H CQRE1I4479v3H DXE14 .7
. In XAE14.7)

112 _FORIUAT(1H. 22X e ¥ xxxxN0 LAMBERT CONVERGENCE = COMPUTED TI!
. VEEZIF1N 65X, *REQUIRED TIMEZIF10.6¢5Xe 'DELTA T='E15.8)

e TURH
tht‘




INTARLCDHCHA

ZVEL 3
TITLD Loas G lac i 16THC VECTOE
AU]T‘OP( RS E VAR
SPOMSOR e Me i R
CATE D=t
PURPOSE Cuh CHARACTIGISTIC VECTCL (C1p) whICH IS OF VARIAPLE
Ly M TH b EnoIhs o TYPE 0F EHCOunTUR.
2eTHOL USE OF L ViIPAL ELTRY POINTS TaT0 SURROUTTNE
1LPUT TiOUGH LIGT

T WRCO W TG pLTURN STATT T Lo CALLING PRCGRAM
TrROUIGH CC 0
/PENCTP/ = SEF LIST FOR DEFTNITIONS

ouUTPUT TikROUGH L15T
CLHA = VECTO? oF CHARACTERISTICS

ENTRY POLETS LUADYLOALLLOAD2 LOADS P LOADHPLOADLT

SUnkCUT I STAT WL AT

OOCOODONO0OOOCO0O0CCO0000O0O0

SUBROUTINE LONCHA S

SPECIFICATION STATEMENTS
10.CLUDT KOMPEHN»LIST
11:CLUDE KOmPLr» LIST
COMMOP/CONFAC/PIvHAFPIvTWOpIvGMSUh9RTDuDTR
L DLfEiSTOn. CHA(SO) T, . e

OO0

K ok R R ok KK KR K K R FROKOK T ROK ok KKK K K KR K kR KRRk SOKOK OR A OK K K

o0 w{

SNTRY LOAD (CHAD)

THIS EWNTRY. LOADSG THE ENCOUNTER..VECTORS CHA. THE CHARACTERISTICS . .- ..
LOAUED HEKE ARE COMMOr TO ALL ENCOJNTER TYPES.

' |
Pobo
i

CHA( 1)=NPLMO
_ _ . .CHA( 2)=TIMEIN
CHA( 3)=VIn
e CHAC HYZRASINKRTD o R —
CHA( S)=OLCLIMXRTD
e ; . _CHAL 6)=T1140UT L
CHA( 7)=vVOoUuT
CHA( 8)=RASOUT*RTD
CHA( 9)=DECOUT*RTD
e CH A0 ZBaRRTD e e
CHA(11)=RASCSP*RTD
——_— - __ CHA(12)=DECLSP*RTD
RETURN 2
NS o ) .




c Y I S T R s St TS PR L R AN L
LTy LAt (Craaed)

G . . THTS EATRY Loant CoaraCTERISTICS UHIGUE TO ARKIVAL» DEPARTURE
c CROTEI-O0LT AWl WousT TO A-lu FROM FLLTPTIC ©R CI#CULAR ORBITS.

CHAL{T®)YTitt PSTHRTH
CHA(LL) TIPS T 40T
Chalio)zeor2« 10
m e CisA (1 &) 2P LINCYRTL
CIwA(LT7YZPCEGAXP T
Coalls)=uhiZGAIARTD
Cra(1a)Y ol 3AZHRTN
Cth (20 ZOMCSAPKRT D
Crad21)=al. 2P+ i TH
e LA (22) 20 CLPAKTD
Crin(23)=paLt
CHALRL4) =Pk N/ 6080 « ZRHO INPLIID)
Chinlrs)=apaTlo
CHA(26) =L M
Crale7)=VAPD
o A . _Chaenm) =i LG . .. e
ClLA(20)ZVELPE
Cr.A(30) =VELPH]
Cr A3 ZVELLDHD
Cr.a(Z2) =il vCl
CHA{3R)YZDELVE?
e _ _ Cha{ay)=sunve e
Crip (35)=DELVEY
Ci:A(Z26)=0LLVE?
Cr:A(27) =5UIVE
_ BETURN 2
C
. ok Ak KR K K ok O A Kk OK R K KK K K ¥ ok kR K kR RO Kk ¥ -
C
ENLTRY LOAD2(CHAYD)
C
C THIS ENTKY LOADS CHARACTERISTICS UNIQUE TO BALLISTIC FLYBYS.
C
i CHAL13)ZPOMEGARRTD . o - e e m
CHA(14)=PLTIHNC*RTD
CHAL15)=OMFGA1*RTD
CtA(16)=0OMFGA2XRTN
ChA(17)=OMEGAP*RTD
CHA(18)=ALPHPxRTD
e CHAL1QYZDECLPRRTD -

CHA(20)=PRAD

——— — CHA(21)=PALT : -
CHA(22) =VELPER
CHA(23) =DELVBL —
RETURN 2

C 0 3k ok AR K o K o A ok ok oK K K KK K K K ok ok ok R K KO kK
_— - R

ErTRY LOAD3(CHA#S) ,
__C . L o o



(@]

[N e

OO0

IS ENTiky LoalRS CHARACTERISTICS UNIOUFE TU IMPULSIVE FLY..YS,.

THIS ENTRY LOAGS CHARACTERISTICS UNIQUE TO A PLANE CHANGE.

e Crial14) =P CL1XRTD e

e

AL ZDLILPSTXRTD
AT ZPOLTIERTD

Cien (1) ZPS I 2%KRTD S —
o AMTR)ZALTTRY

Crr {17 ik TRY
CHhA(1R)ZILVTY

A TD)ZOANTLIERTD
CHAMPD)I=THETITI*RTD

Chal, 1) = IHE2TIARID . SO

SALR2)YZVITHTY

CHA(3)Y=VToUT)

ChA(>4)=PPL TNC*RTD

Cr b (24)ZPOEGAXRTD

i A{P6)TUrZGALI %RTD

Ciialo7)ZOMFGA2XRTD. - . .. . - R
CrA(2R)ZUMFGT1%RTD

Chal2Q)zALPH1XRTID I

CHA(A0) ZUECLIXRTD
]e TURN 2 -

R R RO CORR RO ROk K R kok R koK okokkokkk

Ei, TRY LOAL6(CHAeD)Y . __ .
ReE TURIM 2

A AR KK oK o A R o o o ok o ok K K ok ok oK

ENHTRY LOAD7(CHAS)

CHA(13)=ALPH1%RTD

CHA(15)=DINC*RTD
CHA(16)=DELVTL e e
RETURM 2




INTA”.V

“VEL

<
-~

O OO O OO0 COOOOC0N0O000OO

20

10

;‘\‘ 0
b4

.

T1TLE
AUTiOR
t oL
TATE

FURPOSE

LETHOD

UPuT . . .

CUTI-UT

medte LA LT E

Yo =g 7

Lo PTE At ANDMALY QETVEE! 2695 AMD 2%PT GIVEN TIME
L o IE IO PASSAGE TIME

ALLUTI? E GF Mz2*PI(T=TP) /PERIOD

Piw CidGad COMM0L:

]
Tl
K. EARTH MEAN MOTION
[+ +20NGH LLST
A SEMI MAJOR AXIS
T .. TIME AT WHICH MEAN ANOMALY IS DESIRED
T TIME OF PERIHELION PASSAGE

Toroimt LIST .
Avicy o MEAM AMOMALY AT TIME T

.. QUBROUTINL MANQ A (AP Tr TPLAIIOMM) o -

CLl O /CIORFAC/P T HAFP T v THOPT » GMSUNPRTL ¢ DTR

AL LIS (T=T12) *SART(GMSUI/ A% % 3)
IFCLANO a0 T e e ) s AMD o (AMNOMMILTTWOPIY) GO TO 10

LR LANQLL AL TL0,0) .60 TO 20 .

AT CMAZAOL CAHGMM» TWOPT)

(&N TO 10

T, USTWOPIAGORT (A* X3 /GMGLIN)
TH=TP-TAU

G TO 2N

e b TURSS S T e .

Lo



INTAP.MATELM
EVEL 3
e
C TITLE
S
C AUTHOR
C
C SPONSOR
c
C DATE

—_C .- e

PURPOSE

1MPUT

CUTPUT

n(ﬂrsnrwr)neﬁrwtancw(5()0

THHOUGH LIST

URTHOGO IAL MATRIX ELEMENTS
oW eGRUTZNER T
AvAeVANDERVEET,
4=30=67

CoMPUTE ELEMENTS FOR ROTATION MATRIX WHICH TRANSFORMS

- FROM PLANETARY COGCRDINATES TO FCLIPTIC

THROUGH LIST

1rCcL INCLINATIOM OF PLANETS ORBIT
- e e = T ECLIPTIC -
OMEG LOMGITUDE OF ASCEMDING NODE RELATIVE
- TO ARIES
PERM ANGLE RETWEENM ASCENDING NODE AND

- - . . PLANETARY PERIHELION MEASURED IN
PLANETARY ORBIT

e —— - - - - . . e e e . R

ELEM(3.3) MATRIX ELEMENTS

SUBROUTINE MATELM(INCLOMEGePERM,ELEM)

o .

~DIMENSTION FLEM(393) __ . . e e

REAL INCL

" ELEM(1r1)=COS(PERM)*COS (OMEG)

_ : _ =SIN(PERM) *#COS(INCL)*SIN(OMEG)
ELEM(1¢2)==SIN(PERM)*COS (OMEG)
~COS(PERM)*COS(INCI I *SIN(OMEG)

e e -

ELEM(le) SIN(INCL)*SIN(OMEG)

. ELEM(2:1)=COS(PERM)1*SIN(OMEG)

+SIN(PERM)¥COS(INCL)*COS(OMEG)

S ELEM(202)=-SIN(PERM)*SIN(OMEG)

+COS (PERM) %COS ( INCL) *COS (OMEG)
ELEM(2+3)==SIN(INCLIXCOS(OMEG) - -~ . .

ELEM(301)=SIN(PERM)*SIN(INCL)
ELEM(3:,2)=COS(PERM)*SIHI(INCL) i I
ELEM(3»3)=COS(INCL)

R TURN

chu



INTAP.OPIR
EVEL )

TITLS
ALTHC
SFOHS
CATE

PURPO

METHO

AN
OF T1 U (W YPERGOLIC TRANSHE R
i TRARNE DI ‘ i
or el o AN RVEE !
u=10=67
St » T¢ Fing THE MIMINUM VELOCITY REAUIKFAE T TO TRANSFER

FROY A~ INCOMING TO AN OUTGOING HYPEREOLA SUCH THAT A
SPECTIFIED “INIMUM PASSAGE ALTITUDE 1S ACHIEVED

0] F1X OME OF THE HYPERROLIT aY SPECIFYING A MINIMUM
_ RADIUS. ANG THEN. .SOLVE_FOR THE INTERSECTION OF THAT ]
HYPERPOLA AND A SECOND HYPERAOLA SUCH THAT THE ASYMPTOTIC
CUNSTRALIT 1S MET AND COMPUTE DELTA VELOCITY.
TI:IS PROCEEDURE 1S CARRIED OUT OVER THE POSSIBLE RANGE
_ OF TRANSFER POINTS AND THE MINIMUM IS SELECTED

. CALL _ . Cull OPTRAN(VEQUAL:THZERO) . . . e e
INPUT THRONIGH LIST
J PLANET NUMAEK
THROUGH COMOL
VELAK MAGNITUDE OF ARRIVAL VELOCITY VECTOR
VELOF . MAGNITUDE OF DEPARTURE VELOCITY VECTOR
BEND REND AMGLE BETWEEN VELOCITY VECTORS
ALTT ALTITUDE OF PASSAGE
RTOPT , RADIUS CORRESPOMDING TO OPTIMUM
TRANSFER POINT
: - o ALTOPT__._ . _ ALTITUDE OF OPTIMUM PQINT. . ___ .__
ouUTPUT THEOHGH COMMON
VOPT ~MINIMUM TRANSFER VELOCIY
RTOPT RADIUS CORRESPONDING TO OPTIMUN

N N e e araNaNaRataNataalshatatakeieReXeshaRakalakeXaNaNaNaRaRoNy

e SULKOUTLNe OPTRANU(MEQUAL » THZERQr GAM]
SPECIFICATION STATEMENTS .
111CLUDE KOMPENSLIST

1{/,CLUDE KOMPLMsLIST
- _CCOMMON/CONFAC/PYsHAFPI» TWOPIGMSUN/RTDeDTR . I

_DIMENSION_A2(2)ECC2(2) V(2] .
INITIALIZE

pEUD=EA+PT

V(1)=VIiix97702.1
V(2)=VvOuUT*97702.1 -
IF(V(1).LT.V(2)) GO TO 1
VSAVE=V (1)



(@]

'

nooo!

!
cob Poo
i

vill=vi(2)

v(c)TVvSAVE

A (1) =Aa 20 (HNPLLO) /VIL) %2 . e
As(2)=A 1U(IPLHO)/V(?)**?

nwe=Pran e e
bi=l.+i2r/7a2(1)

PI=A2 (1) 2 {Fl%x%x2=1,)

INITIALT L

CASTlzACOS (-1 ,/E1)
ALPHAZ WL =AST]
DELTH= . 1xUTR
TIHETA=TIZEIRO
DTEST=.001%0TR
IFIRST=1

COMFUTE VELOCITY DIFFFRENCE AT INFIMITY
 UEL=2.#AST1-BEND
BELINFZSQRT (V (1) #%2+V (2)#%2=2 %V (1) *V(2) *COS{DEL) )

LG5 1212999 . e

veoTHETA 1S TRIAL POINT AT WHICH DELTAY IS TO BE COMPUTED. RTRAN IS
CORRESPOMNDING RADIUS '

THETA=THETA+DELTH
Ir (THETASGTe (AST1-DIEST)) GO TN 7
THA=A2 (1) #(E1442=14) /(1. +51%C0O3(THETA))

e e s COMPUTE LiTAr AMGLF RETWEEN TRIAL POINT AfID CGUTROUND ASYMAPTOTE

2L TA=ZALPHA=THETA

.;.,&T up CUFFFICIENTS ' TO DETERMIME 'ECCENTRICITY OF OUTBOUND LEG

COEF1=A2(2) /7 (RTRANXSIN(BETA})
COEF2=(RTRAN* (COS(BETA)=1.)=A2(2) )/ (RTRAN*SIN(BETA))
C1=(7P . *COEF1*COEF2=1.)/COEF1*x2

. Ly (COEF2*%a2+1.)/COEF1%x*2 . _ . A e
ACIGH=1.
L]19CSQ=Cl*%2=L.%C2 L -
IF(OTSCSG.LT.(O.)) GO TO 5

. —po 3 lJ=1
ECC&(Id)-(-C1+ASIGN*SQRT(DISCSQ))/2.

- IRLECC2(T ) o LTe (1)) GO TO 2 e e e e

ECTEST=SAQRT(ECC2(IJ))

- ANTEST=THETA=(ALPHA=ARCOS(-1./ECTEST))
RTEST=A2(2)*(ECTEST**2-1.)/(1, +ECTEST*COS(ANTEST))
IF (ARS(RTRAN=RTEST)«GT. (5000.})) GO TO 2
ECCSn=FECC2(1J)

ce - E=SURTECLSA) —_ —————

ASI(:".:"]. .
CONTINUE

oo o COMPUTE FLIGHT PATH ANGLE AND VFLOCITIES ON ROTH HYPERBOLII



MDY O

C, >

IS EeNe"

LTOYThRSECT e At

»;LIu:;ﬁh](?-tIKU(NPLNO)/rTrFMOV(l)*ia)
SO LT T2 A A THOMPULND) Zic b piiey (2) ¥4 2)
U TSR T UL/ R TRAMYZ (24 1At/ e (1))

e (D) (00

L TEhuk TG 2/RTRAN) /(2 210 A1/n2(2)))

NYRES SR-TARY SR A

ThEl VECTOx IFFORENCE

(-(“'l o)

COI)

Of B OITZARSGT A GOUT)

Lr (AR (=1 .70) LT 12ETA) GAMGUT= [ =G AACUT
L(LIA\:SJhI(VILIn**:tVELOUI*«Q—D.*VﬁLlN*VELOUT*

COS(GAATH=GAND!T) )

Cu&ALF:(VEL”UT**2+CELTAV**2-VFLI4‘#2)/(20*VELOUT*DELTAV)

LF ((R0SALF 6T (Ue)) s AND (ABS(COSALF=14)4LT4(40001))) .

I (CCTOSALE JLT . (Na)) s ANDe (ASS{COSALF+14) 4 T4 (40001)))

eeo 1t ALY OVESFLOL O
o CCSAL
. QU"JAL

AL TARCHS(CNS
Ui TISALEF 400

Tesd FOR FINGT Tih - T
LE (IFIRSToF (re
CLLE T (MELTAV
15 (SLOPE oL T (
i (PTLT IR eGTe

Torme ©15e o1 TRTLLTY

gl vTi=po L HF

ti ACNS

£E=1.

C':-l .
~MUF)
cuT

VROLIGH LOOP

(0)) GO TO 10
-VECIAL) /DFLTH
Ne)) GO TO U
YEGUAL)Y GC TO 13

o T 2 12739,0994
AL 11:21272690,9¢

COUSAILF V(2 ¥ 42+LFLINF 4% =V (1) ¥%2) /(2. %V(2) *DELINF)

ALFZARCOS(COS
Gal T1Z0rL+ALF

ALF)

£y (VTR «GTLVOUT) GO TO 13

1 LIT1==05TY
L2l 1z=dAFPI
Vil Ti=v (1)
viuhriz/ g
s THE
Trbeil=ALTl
v 1 T1ziAFRL
M1IkT1=vY(Z)
viotri=v(l)
i TUGN

TRALSEES o0 e sl PE
g b T 1z RATY

ALTTiel=? Tarl/
Gy Ti-nHaM

RIAPSE*

e L aklvlizdecurl .

FOPU .« /RHO (NPLNO)
€080 o =RHO (HPLM)

1 (Vi enT«VvOoUT) O TO 14



VTINT1=VELIN
VTOUT1IZVELOUT
THELIT1I==ThH'TA

THEATI=REN=ASTI+THELT1-ACOS(~1./L)

- RETUSN

14 VIINT1zVeLouT
VICUTI=VEL I
THECTIZTHETA

Thb 1T1=AST1+THE2T1+4ACOS(~1./F ) =BEND

RETURN
AERIRST=0 ——
o0 TO o

—_ 3

’ N OO

_IFLDELTAVLLT.pYML) GO TO W .
DELTH==« 1*DELTH
IFLARSINELTH) ,GTLNDTEST) GO TO 4
DELVT1=NVM]
RALTR1=RM1/6080.4 /RHO(NPLKO)
ALTTR1=(RADTR1=1.)/RHO(NPLNO)
— MTINTIZV(L1)
VTOUT1=V(2)
_ TH2=AC0S(=1./E)+THETA=BEND+ASTL
IF(VIM.LT.VOUT) GO TO 11
- . . VTINT1ZVELQUT e -
VTOUT1=VELIN
— EATISTH2
THE2T1=THETA
. . G0 T2 12
11 THEL1T1==THETA
_— : _THE2T1==TH2
12 KETURN
T LYyM1SDELTAY —
RM1=RTRAN
5 . CONTINUE
RETURH
END

eeoIF THIS VALUFE OF DELTAV IS LESS THAN PREVIOUS VALUE CONTINUE
CTHERWISE REDUCE STEP SIZE AND POLARITY AND CONTINUE




INTAPLORBIT

EVEL 3
C TITLE . u BITAL PARAMETERS
c
- --C _AUTHOR. - ke B o GRUTZIER - : T
C
C SPONSOR .. A,A.VANDERVEEN
c
C LATE - 6=19-69.
9
~-AL . PURPQSE . CCMPUTE THE QRBITAL PARAMETERS OF_A SPACECRAFT GIVEN ITS .
c PUSITION AND VELOCITY VECTORS AND JULIAN DATE.
c

C RESTRICTION PKUGRADE ORBITS ONLY I+E. Z COMPONENT OF R X V GT 0.

SUEROUTINE ORRIT(RsVeT)
B e e e —_— e
UINENSION P(3)vV(3)vANODE(3)vUNITN(S)rH(3) TEST(S)'
.. — - CUNITH(3) —
COMMON/CONFAC/PI'HAFPI TWOPIrGMSUNvRTD DTR
- . InuClupE KOMPLNLIST ___
UATA/UNITN/O.'O.'IQ/
—C S, — e
H(1)=VCROSS(R,V)
i P=AVMAG (H) ) ¥%x2/GMSUN — T
URITH(1)=VUNIT(H) :
~FINC(20)Y=ACOS(UNITH(3))
ANODE(1)=VCROSS(UNITNH)
— OREGA(20)=ATANZ (AMNODE(2) e ANODF (1)
ENGY=VDOT(VeV) /2. =GMSUN/VMAG(R)
SMA(20)==GMSUN/ (2. *ENGY)
ECC(20)=SART(1.,=-P/SMA(20))
. _ . __ _ COSFO=(P/VMAG(R)=1.)/ECC(20) e
FZERO=ACOS(COSFO)
TESTSVDOT(Re V) .
IF(TEST.LT.0.) FZERO=TWOPI=FZERO
o SMALOM=VANGLE { ANODE»R) o B
TEST(1)=VCROSS(ANODE'R) -
e 1FATEST(3),LT,0.) SMALOM=TWOPI-SMALOM
TANODE=FZERO~SMALOM
PERMIN(20)=TWOPI=TANODE . e
TANE2=SQRT((1,-ECC(20)) /(1. +ECC(20)))*TAN(FZERO/2.)
—— o _EANOMZ2 . *ATAN(TANE2) —— . .
IF(FZERD.GT.PI) EANOM-TWOPI+EANOM
e TPHPAS(20)=T=(EANOM=-ECC(20)%*SIMN(EANOM) ) % _
. SQRT (SMA (20) *%3/GMSUN)

C SET UP PROBE VALUES SAME AS EART! FOR FOLLOWING:

o
AMU(ZO) AMU(3)

i RHO(201ZRHO(3) .
VEFRPH(20) =VEFRPH (3)
EQATOR(20)=FQATOR(3)
Rt TURN
. Bl B




IL.Tap AP
eVEL S

C TITur

C

G- AUTHOCHK

C

C [LATL

c .

C FukePOSt

O OCCOOO0OO0O0O0O0O00

|
|
i
}
|

i
!

nDOoOPOOOOO

c INPUT

or
|
i

¢1r)htwr>ncﬁr>6
1

Al o= PARAMETNIC AbALYSTSH POeRA

-

I'.”o l_‘)-“(a
+=5=tr

CllSila 2 A SYSTER WHOSE CHARACTEHISTICS ARE CONTINUQUS
FULCTTIO (s OF THE PAPAMETEDRS (1) e (2)reeerPINP) e PAP
PeiF ooy PARALCTRIC ANALYS IS wiTy pisifCl TO THESE

Par ATy S AS FOLLOVS:

1., T4 PAPAMETER SPACE FORMED 13Y HOLNING P(1) aAnD P(2)
FIXEDY 15 SFARCHED FOR PNLIOTS SATISEYING SPECIFIED
COMSTHATNTG .

s, A ATTE*PT IS MADE TN MAP THE SOLUTINNS FOUND TO
ALL PUIMTS OF A GRID FORMED FROM THE DOMAINS OF P(1)
Ay P(2).

Ao IO THE SOLUTIONS FOUMD Yy THE SYSTEM CHARACTERISTICS
A2F COMPUTFD AND. STORED. :

e £1 ILTE2FACE IS PROVIDED FOR PROGKAMS LOING
ALITIONAL COWPUTATION RASED Oii THE GRIDS DEVELOPED.

5. CONTOUR PLOTS OF THE CHARACTERISTICS AND THE
FON-GRID .PARAMETERS ARE PLOTTED AS SPECIFIED.

TuE OARANETER SPACE IS SEARCHEN 3Y STARTING AN ITERATIVE
FrOCYPURE AT FACH POINT OF A GPID FORMEU FROM THE DOMAINS
GF P(3)eP(U)ressrP(NP), TO AVOIND KREPEATED CONVERGENCE

T, THF SAME SOLUTIOM OR HEEDLESS WANDERING: THE ITERATIVE
PROCEGURE. 1S STOPPED _IF_IT STRAYS QUTISIDE A BQUNDARY
CLNTEREND OnW THE INITIAL POINT. PROVISIONS ARE MADE FOR
OTHER S{AKRCH TECHNIQUES AMND/OR ITERATIVE PROCEDURES.
SOGLUTIOY MAPPING IS USEN TN MAP EACH INITIAL SOLUTION

T¢ AS MANY POIMNTS OF THE GRID AS POSSIBLE., THE CHARACTER-
ISTICS ARE STORED AS FUNCTIONS OF THE GRIN PARAMETERS.

_CONTOURS _OF THESE. FUNCTIONS ARE.FOUMD USING SECOND

UKDER LAGRAMGE INTERPOLATION.

LCLUNE RUNDOCLIST
I:.CLUDE SAVDOCLIST

e —— S eme - e —_— — — .- — - e o
~

LAVIE TYPE/SIZE  DEFINITION

1¢6S T/ PLOTTING OPTION SELECTOR
=0+ OFF=-LINE PLOTS ONLY
=1, PRIMTER PLOTS ONLY
- : . -—=2» BOTH TYPES e e - -
FTLT HOL/ A 48 CHARACTER FRAML TITLE
AL HOL/§p 48 CHARACTER ABSCISSA LABEL
oLl HoL/A 48 CHARACTER ORDINATE LABEL

LatsC INT/ =1, LARFL CONTQURS OTHERWISE DO NOT



C S e N/ ML ALY G ARSCTHSA
C o TV PAXTHUM VALUE OF ARSCTIHSA
C ! A/ PIHIMUS yALYE oF URDTHATLE
C . NV aXTones o ypLue oF oRLDIYATE
-.C car Lo i LT/ AR OF FYSCITTONS G THIS FReAL
C Lo, [T/ IITS e P oL ARF To 3E FCOUND
e @ — - - IS0 - INT/MU% SOLUTION NUMBERS OF FUNCTIONS
C : IVA IHNT/MU* VARIABLE NUMBERS OF FUNCTIONS
—L - - ~16H - INT/ Mm% CONTOUR DIRECTION INDICATOR .
C =0y FUNCTION CONMSTANT CONTOURS
C —_ e =1: P1 COMNSTANT CONTOURS .
Cc =2» P2 CONSTANT CONTOURS
—C .. o 1AO0S - . InT/mux_ __ ABSCISSA-ORDINATE INDICATOR . S
C =0r P1/P2,P2/F» OR P1/F 1S THE
€ el . . . . ABSCISSA/QRDOINATE. _ . .
C =1, THE REVERSE IS TRUE
-__L_“_,Q__M“._-__ELLN“_.“.luILMuiw_“_1NIEREDLAIIQN_lNCREMENIS‘EDR_Elw.m_____,
C P2IN INT/MmU* INTERPOLATION INCREMENTS FOR P2
C . . --LMxI. REAZt'U%  MINIMUM CONTOUR IF 1DC=0
C CMA REA/mMU* MAXIMUM CONTOUR IF IDC=0
. Co - CIN _  REA/MU=x_ STEP SIZE BETWEEN.  CONTOURS_IF_IDC=0 __
C INS INT/MU* IF IDC=J (PJCINS) IS THE FIRST
c e ___CONTOUR VALUEs J=1 OR 2.
C LAS INT/MU* IF IDC=J »PJ(LAS) IS THE LAST
e . ) _ ___ . CONTOUR VALUE,» J=1 OR 2 , R
C ISI INT/MU* IF IDC=J yPUCINSH+K*IST) rK= orL WHERE
C . I L*ISI.LE.LAS,» ARE THE CONTOUR VALUES
C PLOTTEDe J=1 OR 2
L . e _ _ _
C
C OUTPUT
I, CLUDE OPFMPCLIST
. - __ It.CLUDE OPFMAP(LIST
C
€ SUBROUTINES _waAME PURPOSE. . U — _
C .
C___ . __IMISOL .. TO FIND INITIAL SOLUTIONS
C FILGRD TO USE INITIAL SOLUTIONS FOUND TO FORM A GRID
e C . _COMCHA . _TO COMPUTE THE SYSTEM CHARACTERISTICS AT EACH _ _
C GRID POINT
C AUXPRO I0 PROVIDE AN INTERFACE WITH OTHER PROGRAMS
C ' PLTCON TO PLOT CONTOURS OF THE SYSTEM CHARACTERISTICS
N o
C SIMULATOR THE dSEQ MusT SUPPLY THE FOLLOWING SUBROUTINE ENTRY
I o S POINTSS
C
C CONSTR(P2CS) WHICH COMPUTFS THE VALUE OF THE
C CONSTRAINT FUNCTIONS(CS) AT P.
c
C CHARAC(PeNPsCoNC) WHICH COMPUTES THE SYSTEM
C — _ _CHARACTERISTICS(C) FOR THE GIVEN VALUE OF

I
PARAMETERS(P)., NP AND NC ARE THE NUMBER OF PARAMETERS
AND CHARACTERISTICS RESPECTIVELY.

PRTCHA(PenNPeCeNC) WHICH PRINTS P AND C WITH
NECSCRIPTIVE DETAILS MEANINGFUL TO THE USER

popobe
|



AUXPRO WHICH PERFORMS OPERATIONS USEFUL TO THE e e

- C
C cURELT STURY PUT NOT PROVINDED FOk Y PAP.
o o
o It AODITION To THESE SUBROVTINE ENTRY PUINTS» THE USER
—— MUST -SUPPLY. A PROCEDURE ELEMENT WITH THE FOLLOWING ENTRY . ..
C POINTS AND COMTENTS?
C
C RUNIOC COMTAINS THE NAMES AND DEFINITIONS OF THE
C VARTABLES IN NAMELIST RUNDAT. .
C
L. _SaAVDOC CONTALIS THE NAMES AND DEFINITIONS. OF THE
C VAP TABLES IN NAMELIST SAVDAT.
C

OPEMPC CONTAINS THE DESCRIPTION OF THE OUTPUT
____AFSULTING FROM A CALL TO PRTCHA. S

o OPFMAR.CONTAINS THE-DESCRIRTION OF THE OUTPUT . . - .. .
RESULTING FROM A CALL TO AUXPRO.

OO0 APONONONOOODOOO0O

|

KOWUSE CONTAINS CbMMON USE WHICH IS USED FOR COMMUNI-
- . CATION BETWEEN USER.  SUSROUTINES. e o -

. _RUNML CONTAINS JHE NAMELIST RUNDAT, THIS NAMELIST
qUST CONTAIN THOSE INPUTS REVELENT TO THE CURRENT
CRUN ONLY. INPUTS. KONe IUNIT» ICHSA» AND. NFR MUST BE _ ___
IN THIS NAMELIST. THIS NAMELIST IS NOT SAVED ON THE
C__SAVE FILES. .. ._ . . ) R

b
}
t
I
t

o __ _ _SAVML CONTAINS THE NAMELIST SAVDAT WHICH MUST. —— =
CONTAIN THE INPUTS WHICH DEFINE THE CONSTRAINTS

.. _ _AND THE SIMULATOR. THESE INPUTS WILL BE NEEDED IF

FURTHER PROCESSING IS DONE AND ARE WRITTEN ON ALL

SAVE FILES. NAMELISTS RUNDAT AND SAVDAT MUST CONTAIN

ALL INPUTS REQUIRED TO DEFINE THE SYSTEMe» THE

SR o CQMSIRAIHIS_IQ_BE_SAIISFIEDL_AND_IHE_INEUIS"EQR_EAP4________
c
c _ . INITIL CONTAINS THE FORTRAN CODE THAT SETS THE
C VALUES OF ANY VARIABLES THAT MUST BE INITILIZED
< ———— -- AT THE BEGINNING OF EACH PASS. VARIOUS INPUTS WHICH
C ARE NOT OFTEN CHANGED CAN BE SET HERE., THEIR VALUE
C CAN_BE CHANGED BY THE SUBSEQUENT READ NAMELISTS .
C RUNDAT AND SAVEDAT.
_-C _ e — [ -

"SIMDFN CONTAINS THE FORTRAN CODE WHICH DERIVES FROM

. _THE -INPUTS IN RUNDAT _AND_SAVDAT THE INFORMATION . — . ...
NECESSARY TO DEFINE THE SYSTEM CONFIGURATIONs THE

COUSTRAINTS TO BF SATISFIED: AND THE INPUTS TO PAP.

nnhnnnhnnnnnhn

i

_._. RPDDS CONTAINS A DIMENSION STATEMENT FOR ALL . . —_—

VARIABLES IN NAMELIST SAVDAT. THE DIMENSION AND SI1ZE
... _ OF THESE. VARIABLES MUST CORRESPOND TO THOSE GIVEN. .. —
TO THE VARIABLES IN PAP.

|
|

SPECIEICATION STATEMENTS . S



Fo

Lol aSsTaLLGT
OOl PARDDCLIST
e LCLUnL ROAMCL P LIST
It CLtny. ACLNOC»LIST
———— O INCLuE KOMUSESLIST —_—
ILCLUNE RUMNL,LIST
e LucLuDy SAaviL,LIST
) DIMESSTION TUN(MLUY) » ISO (MUY s TVA (M) CHT ML) y CHMA(MU)
. CIH(VH)vlCU(MU)thS(MU)uLAQ(WU)vISI(AU):FTLT(P)-ALAB(B):
GLAR(A) e LADS (0U)) pPLIN(MU) 2T M)
- . CLLELSION TIME(2) , —— .
OnTA SUJl/éHIHISOL/SUQZ/ﬁHCILGQD/SUP3/6HCOMCHA/SU5“/
. uhAUXPQQ/SWHS/ﬁHFLTCON/

C
o
C NAVELIST PLTDAT=TRIS NAMELIST DEFI'IFS ONE PLOTTING
_ C . . _.ERAME. WHeNh SRECIFYING NER FRAMES: THIS WAMELIST wILL —_ e -
c 5E FEAD HFK TI4ES 1Y SFAQUENCFE STORINIG THE INPUTS Y
c FRAMES. :
C

: NAMELIST/PLTDAT/IOS:IUHvISO!IVArFTLTvALAdrOLABvLABCr
. AMI!AMAvOMIOOMAvCMIvCMAvIAOGrPIINvPZINrCINvICDrINSoLAS:

- —_—— - wu,-“,_ e e e e —— .— — PR
EGQUIVALENCE (JeJdX)

INITILIZE

oOoon

IiCLUNE INTTILLIST

READ MAMELIST PUMCAT

oo

KEAD (59 RUNPAT)

REAL NAMEL IST SAVUAT FROM FILF IUNITy 5» OR 30TH (5 IS READ LAST)

oo
|
]
l

IF (KNN(1) eFNel) GN TO 10

Rewlitp ITUMIT

KREAD(IUNIT»SAVDAT)

IFLICHSALNE.1)GO TO 20
10 REAC (5¢SAVDAT)

I
|
|
|
|
|
|
l
!

REAL PLOT DATA TF NFR GT O

20 IF (IIFR.FQ.N) GO TO 30

REAL INPUTS THAT DEFINE A SINGLE FRAME ANl STORE TN ARRAYS WHICH
HAVE ONE GF THEIR SUBSCRIPTS CORRESPONDING TO THE. FRAME NUMBER

OO NoO

LUC 25 J=1«NFR . , o
FEAL (5ePLTNAT)

irLP(Jd)=I0S , . e
LAC(uI=LAEC

Ab It (JISAMT I, .

ANAX(J)Y=AMA

Calbh(Jd)=0OM] - - .
OMAX (J)=OMA

GO 2 L=1¢8

[ BTN

S



owm

[eNeNg]

1€1
_iﬁé
103

10Q

TUT (L e D)= TLT (1)
Al UopddzpLnmi(l)
Ol & (LpadzLarn (L)
prl.nz kL
UG 2y ZielikU
LELUC e Y= TR
150L (e ) =TS0(F)
1Vif(lv():I“ﬂ(K)
1LGLUrK ) =Z1A05(R)
FLLEC (e h)m“llﬂ(t)
el O ldrr)ziPETR)
Ch I (Jde)=CHT (KD
CHARCJPKYZCHMA(K)
SELC(JrY ) =CITHK)
IvS(Jek)=1CN (k)
IS (JeK) TING (K
Ls(de):LAQ(K)
1 CS0de)ZINI(E)
Cola T
L Clnng ST ARy Llnt

POSTITINN PLOT FILES NFIHG USFD PAST UsRDAT

IF (NFLU il e lenloliF14aE0, TUNIT)
REWIND 14
CaLL pPPI(1INW)
Ir(lF,\.NL.l-CP.HFlS-EQ.IUHIT)
Rev Lo 15

e carl. Pradls)
IF ("1t oiE e LeOF o [IF16FQa TUITT)
kewl'!D 1o
Cabkl. rIM(1s)
IF(HFl?.NE.loOP.NFl?-EQ.IUNIT)
RiwIng 17
cabl Re2(17) .
If (HF1RGIELenRJIIFLS. EQ IUIIT)
ReoIl 14
Cakl 1 (1)

NRITE SAVLAT 0 FILES REING SAVEDR TrilSs

S G - : e

IF(ISALWEGQ.O) 6O TO 106
Lel=A+:101

Helz=i'cI+1 .
IF(LOI.5T.10) GO TO 190
fi VI 1,01

- Sl TE(LOT e SAVIAT) -

IF (ISAF.E£G.0) GO TO 107

e LOF=11+"10F

HOF=MOF +1
IE(LOF.5T.13) GO TO 190
REWIND LOF

— MWRITF(LOF«SAMDAT)Y - o
[F(I5AC.EQ.0) 6O TO 108
LeCziurioc
DU CEAE IRt
Ot esbars) oo To 199

GO TC
50 TO
GU TO
60 10

G0 TO

PASS

101
102
103
104

105




170 _Call OCLOCK(TIMEY __

WRITE(601002)SUBS,TIME
Call _pPLICON

Kt wINp LOC -
whk ITE(LOCYSAVRAT)
106 It (ISAA.LQ.0) GO TO 109
LUASLITHMOA
e e - O RASINOAF LS - -~ - — c i
e wliD LOA
Wi TTE (L YA SAVEAT)
1(;9 - CUHT I“\”"
C
L. G TG T, P LRICTIVG TO pE PERFORMED MNEXT —_ - -
C
oL =1
120 Ko =Ko (J)
oG TO (13014021500 1600170) #Kt)
C
—C . L_CALLINISuL . U -
C
120 oo Call OCLOCK(TIME)
whITE(601002)SURLy TIME
o HSE=OQ . . B
CaLl INISOL
e WRITE{6:1003)MSFeSUBY S,
Ge TO 180
C ) e e
C CALL FILGHD
C — e o . _
140 CALL OCLOCK(TIME)
S wh ITE(601002)SUB2, TIME = e B}
MNSE=0
.- CALL_FILGRD =
WRITE(601003)NSE»SUR2
e . GO TQ 180 _ _
C
JC . CALL coMCylp oo — L e -
C
21500 . _Cabll OCLOCK(TIME)
WEITE(601002)SUB3» TIME
e - CaLL _COMCHA . - - T,
GO TO 180 .
C S,
C CALL AUXPRO
C e S — e
160 CaLL OCLOCK(TIME)
e WRITEL(601002)SUBL . TIME o o
CaLL AUXPRO(NAUX)
GO IO 130 _
o
£ Calb PLTICON T S
Cc

180 Jod+l
Cieee o IFCKONLJ)=6) 12001200 0 0

C WRITE E£X17 REASON_-MESSAGE o e



190 wi ITEChe 0O POLe i NF e NOC s ION
G
C CALL EXIT
O . —— _
200 catl EXIT
C
C FourAl STATEMENTS
C .
1001 FORMAT (111 ot ¥ x*p 0OKE THAN THE ALOTTED NUMBER OF SAVE ¢!
- — CARILES W4RRE UgED v, 1IOL = t13,2Xa00F = 1, 132X NOC S s .
. I3e2Xe v 10A = 1213/)
- 1002 FQRMAJ(lHO.'***t*CALL teAGs Y AT TINME Va2A6r tRERXKY /)
1003 FORMAT(IHU:'*****SYSTEM EVALUATED *rI4,* TIMES I "YAG
. topkkikt/) .

END
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VEL

boo

(@]

OCONONOO0OMmoPomobhoeooo

3
TITLE
AUTHOK
SPONSOR
LATE

PURPOSE

METHOD

ILPUT

LQUTPUT | TEROUGH. LIST. —— e

It 1APST TRANSFER

oo v e GIRUTONER
Hells ‘/AI‘I ”_'\VEE’!

d=1lr=6h

CoAPUTE <CCENTRICITIES OF T+0 HYPERROLII GIVER THEIR

ot MI=TRAUSVERSE AXES SUCH THAT A PERIAPSE TRANSFER
Iy ACHTTVE D,

HE e TOH=RAPHSON ITERATION T0O FIND THE REAL ROOT OF
-+ EOURTH CROER -EQUATION Il (1./ECC)L_ S

THHOUGH LIST .
FA BEND ANSLE
A2 (2) .. - __ SEMI-TRAMSVERSE AXES OF HYPERBQOLII

£(2) ECCENTRICITIES OF HYPERBOLII
RTRANS | __ _PERIAPSE TRANSFER RADIUS

SUBROUTINE PERXFR(A2+BArE)RTRANS) .

W_,_»_u_____ﬁﬂMMQNLCQ“EAQLEILHAEEILIHQPI'GMSUNLBIDLHIB_;____ ‘‘‘‘‘‘ e

DIMEMNSION A2(2),E(2)

A= (A2(1)=A2(2))*COS (BA)

Bz=(A2(1)*COS(BA)+A2(2))

CzA2(1)*SIN(BA)

Lx=(A2(1)=A2(2) )*SIN(BA) e . e

CUPHIME=(Dx%2+A%%2) : R
C4z1.

- L32=2,2(C*D+A%B) /CYPRIM L

C2=(D**Z-B**Z-Cttz)/cuPRIM

oo

INITIAL

~ DELX=0.

C1=2 ;

CO=Cx¥2/CuUpRInm

GUESS THETAZ4S DEGREES

THETA=US . xDTR

e s e FOEXSXR (X% (X% (X*CU+CI)+C2)4C1) +C0) SO

X=SIN(THETA)
00 1 Tdz1.20 e
X=X+DELX

IF(ABS(FOFX) +LT.(,0001)) 6O TO 2
SLOPFIXH (X (4, kCURKX+B,#CI)+2,%C2) +C1

DELX==(FOF X/SLOPE )
CONTINUE o o
THETA1ZASIN(X)

THETA2=BA=THETAl . __ __ o



e e (1)=1./SDHTHETAL) S
E(2)=l./SIH(ThETA?)
- KIRANSZA2(L) % (F(L)=1.) e

RE TUY2L
et e E{NL. e e [ S e A ————— .
\




INTAP JPRTCHA

SUBKOUTINE STATEMENT

—vkb b!
C
C TITL= 20 10T 7 g 2SS T LTINS
[ S .
C AUTHOR ReweGrRUTZIIFR
C
C SPONSOR AdAe VA DLIRYE
c
C DATE o-11=-K4%
C [ L . . . . -
C PURPOSE PRINT Tiic PARaAMETERS AND CHARACTERISTICS ARISING
C FieOM FACH 6RID POINT
C
C CALL Cabll PoTunn (P eriB e CeliC)
C
. C InNPUT L THROUIGH LIST
C P YLCTOR OF PARAMETERS
C HE LUCER OF PARAMETERS
C WC HUMIER OF CHARACTERIGTICS
C .
C OUTPUT THROUGIt LIST
_C. oL VECTOR OF CHARACTERISTICS. . e
C
C
C

SUOROUITILL PRTCHA(PC)

SPECIFICATLO! GTATENENTS - -
Lncunpe PARSTAPLIST
1. CLUDE RGMUSEWLIST
LIAESION CUMK) e P(MP)

|
mno

C
[FIPRDIT.'Ee6i) GO TO 6
S O P - e
C WRITE SHORT RECORU

IF(IFIRST.NE.D) GO TO 1
GHITE(6e2003)
IFIRST=1
U S5 € (1Y C=t==4) S L
1 I=1
Jz=5H
DO 4 IJ=1/MNPONTS
IF(IENC(IU)EQ.2) 6O TO 2
WKITE (0r2000) (CUK) pK=Tod) r (C(J+K) P K= 2:4)
e GO TO3 . [

2 erTE(aoznnl) (C(K) 1K= Trd) e (COIHK) o K=2+4) 9 C(J+15)
—_——3 CI=I4LENGTR(IN
JoJHLENSGTH(TIY)
4 CONT INUE
LINES=LINES+NPONTS
LE ((LINESHNPONTS+1)LLFLB4) GO TO H

IFIRST=0
—_— = RETHURN
5 WHKITe (6r2004)
S N LINESZLINESH]



OO OO

1 G

Cr oy (O

JL

40

v,?\“f L_\‘

(FCe

e

e oo ITE ANl AMD ASYDTOATE DATA

L=0

anITE (-1 0N1)

DG 1o IZle170%

-0 <101 «r0eC) 50 TO 1D
Lizb+lonleenr(n)

wosl+miu i)

SITU (ardUN2) CLLI+2),C(L+1)C (L] +5) 2 C(L1I+6) 2 C(L1I+3)
CILLI+6) o CULED HC(142) 1 CLL4T) r C(Lte))

CL S RN ill‘?)s‘j(L]+l)vC(L:;?+1)vC(L\+<3)oC(Ll+.’u’J)vC(L107)‘n
C(Ll4:) P CLL2+0 ) o CILA+S) v C(LAH3)»CIL2+E)

Lz=L2
CoTUIE

.o .\,‘.ffl TC-. + f’cf}‘ Wi i ie DA TA

L=£

uu 100 I=10UPONTS

Lo tTYR=Tenc (1)

1t (IELTYP.CQ2e0) GO TO 100

LG ITD (0 AN Qe50r6G0 209 0020)

TR BNt

'Ou‘)"‘I'

[F 1 i e el ) WRITE LS00 0

IF(IENTYPFEDee) wRITE (6ol 1
(F(TENTYP S Zevt) WRTTE (6592701
W ITC (e 1C03)

y A FTvAaL e OR DT0NNST

<)
1)
n)

IEMNTYP

R A

WLITT (99 1008) (CIL+K) K130 15) 9 CL+10) 2 C(L+23)

(C(L4K) 1K=28237)1C{L+24)
a1 TE(Rp10GNS)

anTE(BrlUOﬁ)(C(L+K)'K:13022)v(C(L+K)vK:25027)

Lo+ PoinTHT)
»C¢ ¥H 170

oAl 10 TiC FLynY OATA

W T (A0 1007 ,
Wl"lef({w'lO!v)B) ClL.+1) e C(L ¢
CL+12)
LzL+fisTHIT)

S GC TO Lau A

eeWRITE SINGLE IMPULSE FLYBY DATA

#nITE(601013)
witITE(601014)

.dHITE(bulﬂiﬁ)(ClLtKl:K:ll;lS)LCiLilDl;(C(L+K11K:lﬁa23)A-

Al 1TF (b 1015)

Y (70

aITE(E21017) (CIL+K) 1KZ24930)

L=L+LENSTH(I)
Gu To 100

v Yk RIS BN



e s dUNASST WEY O2TI0NS

O T) 1“”
6o TH 174

ee e whITE PLAW CHANGE MANEUVER DATA

1015

30 GRITI(he102)
WHITE (L 1021) C(L+10)p (C(L#K) 1K=13016)
- CLzLHLENSIH(I) - -
C
100 conf IHUL
I Tk
C
c FORMAT STATE IE (TS
c - .
1001 FORMAT(1H1 s 16HTRANS ORBTT CHAR 22X o 1THPLANET THETA ’
. SAHINC HE VEL DP ANG  RJASCH DECLIN iHaEeSe DATE/
. X 4 7THHLES) (DE3) (EMOS) (DEG) (DEG) (DEG) o
. 1et(=MOS) (J.DATE)/)
1002 FOPMAT(LHH o9H FCCEN = 'FB.S111Xs6HDEPART16X0F3.00F8e20
. I‘linalf_ff:|‘+'3F8.2!F804.'F1102) .
1102 FUIUAAT O »BH SeMeAL= ' FBe5011Xs6HARRIVE 16X1F3.00F8420
. Fte20Fdeltr 3F8,21F8altrFll42/)
1C03 FORUAT (141 »2X,39HDEL.PST  PSI 1 PST 2 B.ANGLE P.ALT
. 4iH Y=CIRC Vp=ELL VP=HY 1 VP=HY 2 DVv=C 1 DV=C 2
. 4Z1i OVC=TOT DV-E 1 DNV-E 2 DVE-TOT PERes RAD./4Xo
. 5 HIDESG) (DEG) (NDEG) (DEG) {NM) (FPS) (FPS)
. 4OH (FPS) (FPS) (FPS) (FPS) (FPS) (FPS)
1004 FORMAT(LH »1X,5F8.2¢10F8.1¢3XeF7.4)
1005 FORMAT(1HO»1X,38H INCLIN C.OMEGA QMEGA 1 OMEGA 2 OMEGA
N 42H P ALPHA P DELTA P A/RP SMA.ELL APO-VEL/4X
- S S3H(NEG) - (DEG) (DEG) .. (DESG) (0E®) (DEG) . (DEG).
. 20H  (M.DIM)  (NM) (FPS))
1006 F()RMAT(IH I7F8|2'F80’+'F800'F801)
1007 FORMAT(1HO» *FLYRY CHARACTERISTICS' »90X» *SUB-SOLAR PTet/
. Lx s 46HPLANET REND ANG OMEGA INCL OMEGA1 OMEGA?2
. 434 OMEGAP ALPHAP DELTAP PER RAD FER ALT
— i — 39H PER VEL _DELTA_-V - R.ASC DECLIN/10X. .. . o -~
. G5H(DEG) (DEG) (DEG) (DEG) (DEG) (DEG)
. 45H (NEG) (DEG) (P«RAD) {NMe) (FT/SEC)
. e5H (EmMOS) (DEG) (DEG))
1008 FORMAT (1H a1XpF3.0rF10.2v7F8-2!F9.Mr2F10-2'F9.4r2F8-2)
1009 FORMAT(1H »2SHDEPARTURE CHARACTERISTICS)
__ 31010 R EORMAT (140, 234ARRIVAL CHARACTERISTICS). . o o -
1611 FORMAT ( 1HO » 24HSTOPOVER CHARACTERISTICS)
1012 FORMAT(1H1) .
1013 FORMAT (1HO» 31HIMPULSIVE FLYBY CHARACTERISTICS)
1014 FCRMAT(1H ¢2Xe42HDEL.PSI PSI 1 PSI2 BJ.ANGLE.  ALTOPT

24HTR.OPT DVOPT  GAMMV
3QHTHETYL _ THET2 _ VT=-IN  VI=0UT/4Xs

40H(DEG) (DEG) (DEG) (DEG) (NM)

33H(PL.RAD) (FPS) (DEG) (DEG)

21H(DEG) (FPS) (FPS))

FORMAT(1H tIX 4FB.21F9.2¢FB.,4rFB.1¢3FB8.272F8.1) ;



10le

- 1017
1020

1021

(sX2X 2]

2000
2001
2003

2004

FORMAT (L0, 1X, 380 INCLIN C.OMEGA OMEGA 1 OMEGA 2 OMEGA
26t T ALPHA T DELTA T/4Xo

LOH(DEG) (DEG) (DEG) (DEG) (DEG)

15H (DEG) (DEG))

FORMAT(1H +5FR211X2FB.2¢1X1F8B.2)

FORMAT (1HO» "PLANE CHANGE MANEUVER'/3X»

"Fe ANGLE ALPHA V DECLIN V DEL«INC. '
TLELTAVY/4Xe ' (DEG) (DEG) (DEG) (DEG) '
' (EMOS) ')

FORMAT(1H +1XsF8.2¢/F10.2¢F11.2¢/F10.2¢F10.4)

FORMAT STATEMENTS ' ) R

FORMAT(F6e1+/F11.2¢F1U4,492F10.2,F14,492F10.2)
FORMAT(FO1rF11.2¢F1U,4+2F1042¢F14,492F10.2/F1444)

FORMAT (1H1,29X» ' INBOUND ASYMPTOTE'16X»

toUTIOUND ASYMPTOTE /! . PLANET 14X *TIME 10X, *HeEeSe i Xy
TRoASCo'4Xs» 'DECLIN' 8Xr "HeFE oS 'UXr *ReASCe 4 X *DECLIN?

5X 0 "PASSAGE RAD /25Xy * (EMOS) *4Xe ' (DEG) *6Xe ' (DEG) *8X0

' (EMOS) '4X» ' (DEG) *'SX» * (DEG) '8Xr ' (P<RAD) /)

FORMAT (1H o * sk ot ko o o ok ook ok Kok 30K ok ok 30k Kok K ok KR R K OK R R ko ok ok ko ok ok ok !
0 3 3k o o o oK oK ok K kK K e o oK o 3k K ok oK K ok K K ok o KoKk R Ok K R kR AOK Rk Rk Rk Rk kK T )

END




INTAP.RADMAG

EVEL

o

| , ' I
> ’ ' T
o o nhnnnnnnnnnnnhnnnnnhn

3
TITLE RADIUS MAGMITUDE
AUTHOR R.weGRUTZNER
SPONSOR A oA s VANDERVEERN
DATE 4e30=67
PURPOSE  COMPUTE RADIUS MAGNITUDE AND DECOMPOSE ALONG PERIHELION
AND SEMI-LATUS RECTUM DIRECTIONS
INPUT THROUGH LIST
A SEMI-MAJOR AXIS
e E .. _ _ ECCENTRICITY . _ e
ECAN ECCENTRIC ANOMALY
TRNM TRUE ANOMALY
OUTPUT  THROUGH LIST _
RADIUS MAGNITUDE OF RADIUS

e RCOMP(2) . ___ _COMPONENTS OF RADIVS _ _ _ = ___ .

SUBROUTINE RADMAG(ArE,ECAN: TRNM,RADIUS,RCOMP) : _ - o

DIMENSION RCOMP(3)

. e~ RADIUS=AX(1.0-E*CQS(ECAN)) . _ . e

RCOMP (1)=RADIUS*COS (TRNM)
RCOMP (2)=RADIUS*SIN(TRNM)
RCOMP(3)=0,

RETURN

END




INTARLRPU

EVEL x
-G TITLL wLo= TR, PAST LaNELIST USHOAT
C
C—AUTHOR Febo LU G
C
C PG
C
C FURFOLL fo b aSTTIc. Realh HEADS PAST NAMELIST USKOAT wWITHOUT
C FOTTTm Vi DATA THTO THE wATN PROGRAM
.- C . . .
C METHO. GRS LR ELTAT USEDAT nuT 00O HOaT TrANSMIT DATA TO PaAP
C
c Ii.pPUT by peOiiGE: AR SHIFEELT LIST
C
C 1FILF FILT puUMpeER T0 E it AD
. C . .
C CUTRUY etk
C
C SUAKCUTINL STATOEEMT
C
SULHOUTTHE RPO(IFILE)
C . o . _
C SECCIFICATIC S STATS AT
C
It Chomy PArSTrell16T
1 ChOnE Syt LIST
L cLuns KkPOIS,LIST
C HEAL SAVLL Fioh [FILE
C
2F AL CIFTLE » SAVDAT)
ik Tisn
el b
_ST  ACCOUNT: AAV PROJECT: VNDRVEFH T
105.624 11: 33 AT 0O FAGES:T A0
TIME:  12:52:57=0CT 30+ 1969
TIME:  12:54:46=0CT 30+1960 -
St 62
691

1.989m




tRTARLSE TUE
SVEL 5

TlTLk S Pt ‘lr' ”“II'T ,\’.[\Y
;\L‘T”’U!( e s “1{‘7; 0"

[ATL Lo ~/ioe

OCOC OO0 o000

FURFQSGE G VORT THe TIME
R
METHGH oo I Al TTIAN
ISIEIREERAT RN IR L .
e io gy Lo SE TR (R)

(@

U i’;WCY‘v‘ IST
[T : "S[ Il I[JT
Pl ()

TEA AEE 0 T s e AT WTITE e
YO e - GATED THEOUGH ~0 7

ELVi = v 00 0w RTAORL,

OO0 00

‘-l Hit

I (J}
AR R SR
1U*T%Hu?+1)UB1
ej}l) UU

. ¢,
! 5,\"

TG I

TRV T

AR DAUFTIN SN IS £ 2074 DR CTO NI W O MY
CE RSy s POUL ) ZP )
Y4k
foron
1 poy UISUI3 )y Ui g) = (1)
(74 [ ‘4
& e LGl TS R 2y o
o) i Sy Lo 70 4

QA guxlauﬁn
’

Voo

102y
Aol Teii2, T

S

!
[ =%
O FI\

T 8

4 Conth T IXat i (IU2)
5 Cob T
C
C COMUTL (o inis POSITID VECTOR
C
S N o I LR R B
i JHilz1e 3
6 I AT NN O RO ):PLKVFC(IK I1.1)

S

POTMT ARTAY Tr &

(‘\.‘_"J'I' } ,")
MT

VECTAR

VALY ar i, AL ATy P{Z) TY
beabor =0 70 b e 2AY AR COMPY

OF
i‘(‘T

CROTHATE

P LY C{TKYy LUl

TOTAL HMELIOCENTRIC

Thi
1p'
VAR,
FOSETICHS

PAFAMETER )
IS PRESENT
SET PARAMETERS
BY CALLING



INTAP.SLOPE
ZVEL 3
C
C TITLt

c .
C AUTHOR
SPONSOR
CATL

PURPOSE
METHOD

INPUT

|

CUTPUT

l
nopo

TCHECK FOR PARABOLIC CASE

ST 2 0 e - : ——

- RETURN S - e : . i

FpidGit b 10 VL IPSE
et HUTZIER

Ao fe VAIDERVEED
B=30=67

ALGLE RETWEEN EXTENPED RADIUS AND TANGENT
(VELOCITY DIRECTION)

CONPITE
1G ELLIPSE
EVALUATE LERIVATIVE (DYDX)s COMPUTE ARCTAN DYDX AND
MCLIFY Y TRUF AMOMALY

TMROUQH COMMON

P1
THNP1
THROUGH LIST
A SEMI-MAJOR AXIS
L E. ECCENTRICITY
PAD RADIUS MAGNITUDE
TRHM TRUE A:IOMALY

Te.kOGH LIST
GAMMA ANGLE RETWEEN EXTENDED

- VELQCITY VECTOR

SUBKOUTINE SLOPE (ArErRADY TRNMy GAMMA)

COMMON/CONFAC/PI e HAFPI» TWORPT »GMSUNRTD»DTR

IF(ARS(E=1,)eGT.(10.%%x(=7))) GO TO 1
P=RAD* (1.+COS(TRNM))
SINGAM=SQRT(P/(2.*RAD) )

P=A¥(1.=L*F)
SINGANESQRT((P/RAD) /(2.-RAD/A))
SAMMASASIN(SINGAM)

TR=AA00 (TRNM» TWOPI)
IF(TR.GT.PI) GAMMAZPI-GAMMA

1D

RADIUS AND




STEMSTO L a0 o 3 VI0N OF THE VEOTOR
PoT THE poieitt CASSAGE DATE

Pl POSITION AE i UATL AND TRANSF O
PTOTO PLATE T T i ORI AL SYSTEM

: e T SOL AR POTHT
LT OF SUN-SOLAR POINT

Doty £ e By [ S PR AT EOR L
T3S Z’»’(‘;, ! ;“j)

N R AN N R

s E AN
TR
*‘:"_{ ,!.ri*;)
PO U AMDA T



INTAP . TRUANM
EVEL 3

c

C TITLE
—L— .

C AUTHOR

c

C SPONSOR
- C

C DATE
_—

C PURPOSE
R o

C INPUT

c

C
—_Lr_

C

C. .

C CUTPUT

TRUL ATIGALY

ReWeBEUT/TICR

Ao Ao VAINLRYEE?)

Ga3=67

CONVERT FROM ECCENTRIC TO TRUE ANOMALY

THrROUGH

Pl
ThHROVGH L1ST
ECAN
E

THROUGH LIST
T \M

CCMMON/CONFAC/PI e HAFP I  TWOPT GMSUM,RTDDTR

TLHF2=SQRT((1,0+E)/(1.0-£) ) *TAN(ECAN/2,0)
TRMNIA=2 0%ATAN(TANF2)
_IF(TANF2.GT.0,0) 60 TO 10 .. ..
TREMZ2. %P I+TRNM

- _RETURN

et O

COvMOH

ECCENTRICITY

TRUE ANOMALY

.. QUBROUTINE TRUANHM(ECANE» TRNM)

- ECCENTRIC ANumALY




INTAPRPLVASTGT

EVEL

OO0

NN NS ERE

~

(o

OO C

(o RS

Y O

i

(2 NS p

OO0 OON OO C OO0

3
TITLE e b WSYMPTOLTE
fit)T!“u‘{ e » o ’{-.‘n“r_R
E“'(\”JEJ\.H( IR l' o l’) _}'\,(2‘[-:
L ATk iy ]
FURPOGOLE EDOT THHT0R g OF T 1) YR GEXCVELOCITY
v o4 e THE PRSSAGE RADTUS A4 Trik DECLINATION OF
pp b T aDST THE PPROCRAM FIMNS T4 VIRTUAL SYMMETRIC ASYMPT.
SRR TR LT TR THe PERTAPSE VITCTOR FR0M A KNOWLEDGE OF
TS CITY AbH, PERIAPSE DECLTINATION. THE VIRTUAL
L TS0 TS THER THE S0 0 (~1./FECC) TIMES THE PERIAPSE
Voo TR PLUs (y CROSS PERIAPSE)Y CRGSS PERIAPSE
CAaLl Ol ASTOT(IFMTYP)
T dT i e CO A
v MESHTTUD OF INGOUND HebeVs
RASLT RIGHT ASCENSION GF INBOUND tieE oV
DECL LN DECLIIIATION OF IMNBOUND HeEeV,
PUA PASSACE RADTUSY
—_— oECLb. .- DECLINATION OF PERIAPSE
T anusii LIeT
e dvye EMCOUBITER TYDPE
CUTPUT oG OO
IYESLRN! MAGITITUCE OF OUTEQUND HaE.V.
RAGOUT RIGHT ASCEMSION OF OUTBOUND Hl.E WV
DECOUT OECLIMATION OF OUTBOUND H.E.V.

o= e o Ve COMPONHENTS 2RT IMT.RCHANCEABLE FOR InNPUT
Yy OUTRPUT

SUBROUT1LES
CRISS COMPUTE CROST PRODUCT

SU T InE VASTOTCIENTYP)
SEECIFLICATIO] STATEMERLTS
Li CLLUBE AOMPENY LIST
LsClnt, KO0PLpaLIST v . S
Conann/CONFAC/PI v HAFP Iy THOPT v GMSUNIRTD » 15 TR
WISEISTION VI3)»PERIAP(3)Y 1 YCROSR(3) s VO(3) s VECL(3) L VEC2(3)
DRTERLLD abETHER THBOUNL OR OUTHOUND ASYMPTOTE 1S SPECIFIED

T1EST=0 e - e e
It (IFHTYFPWEQe1) GO TO 20

oo LHpGille, TS SPCCIFIFD



Vi L=V

AL T s s e
GLTAZ=CL L
OC T 19

G -

- - - .

SRS oSO I - . . - ——

C es s ULITHOULY TG SEECTFIED

C

ANOO

OO0

20 vebL=vourT
ALPHAZHALOUT
w5 TAT 0 TOUT

C COMFUTE URBITAL 2aicAME THIG
o : .
10 VELSVEL*97702 1
AZTAPUCIPLIN ) /VEL* %2
F=1.4FRAL/A2

C COMPUTE COMPONL'ITS OF GIVEN UMIT VECTOR
c .
V(1)=COS(uLETA)*COS (ALPHA)
V(a):COS(BETA)*SIH(ALPHA)
VI3 =GTIH(LFETA)

CexSIN(THLTAI=C3 AN SOLVE FOR RIGHT ASCENSION OF PCRIAPSE

C1=V (1) *COS(DeCLFP)
C2=V(2) *COS(DECLP)

GHECK FEASILILITY OF PDESIRED PERTAPSE NDECLINATION AND
RESET VALUE TIF "OT REALIZABLF.

Kl =Cl1*x¥2+C2*42=(L3%*x2
O Iy (MADesTels) GO TO MY 0 . o el
LTEST=1
LLCLpP=LIGN((PI=ACOS (-1, /E))cBETA)-BETA
ALFHPZALPHA+PT
\)(. T() 1..3
11 U1SC=SWIT(RAD)
RGOT1={C1%C3+C22DISCI/(C1*¥%x2+C2*%x2)

_ CAT=V (A ASIN(RECLP)=1./F e e

SET UP COLFFICLIGTS FoR EAUATION OF THE FORM C1%COS(THETA)+

ROOT2=(C1%C3=C2*DISC) / (CL*x¥2+(C2%**2)
ALPHP=ACOS(ROOT1)

IF (AnS ((C3=C1%COS (ALPHP) ) /C2=SIN(ALPHP) ) «GT. (o 0001))

. ALPHP=TWOPI-ALPHP

s COMPUTE COGMPONEWTS OF UNIT PERIAPSE VECTOR = e

13 f'eRIAP(1)=COS(DECLP)*COS (ALPHP) N
Pt RIAP (2)=COS(DECLP)*SIN(ALPHP)
PCRIAP(3)=SIN(DECLP)

V(KOS (1) =VCROSS (Ve PERTAP)
 I1p (I STaEOey GO TO 14 . - o -

ee THIS I, 4.0 PROVINE FOR TRAVEL AROUND PLANET IM SAME
Loy o pG ROTATTYION, ALL CCw AS VIEWED FRON "ORTH

YOO



AP L0V a2 03) o 0T i J o AT {IFHTYP LG ) a0 { (LIVCROSRI(3)
LTa0) AR (TIFNTYP ECLL1))) GC TO 14
Lo TS (R06T2)
1 Sl o=TT#COC (AP /7 2=Cii i (alb Al V) eV (o 0D0GLY )
pLb P =TWOR - s
O TO 13

P vl pr . irnTy

s LTo=-1e/7

i L1 2u e DG (VOROCSRAPER T AS)
VEC21 ) =vSo AL PERTAP» AMULT)
voll)zJyALDIVECTVEC2)

Do CRINA T L Al RTGHT ASCENSION OF VIKTUAL VECTOR

i LA aadyal4))
FEPZARCOS (DML ZTS0RTIVO (1)) #2400 (2) %%2) )
VG2 L Telne b ) ALPZTWORI-ALPR
TP LT IPeEde1) G0 TO 18
JouTzyl !

v CugT e et

Saisecidoad ALY

e Ty

PR R AVIBE

i CLIvi=—utl

bz AMLP+PI

I Tk

e



INTAP «VELMAG

EVEL 3
C
C TITLE Vi LOTTEY eI
L ...
C AUTHOK Kot e eyt i
C
C SGPONSOR foe e AT Yod VI E
C
C DATE g 0=,
_ .L . -
C FUKPOSH L HOIT vELnc Ty
C
c InpUT TreardGee £ 15T
C fea’
C A
_C TH W
C C ALY,
C
C CUuTPUT T OUGH LIST
C Ve (3)
C
- L _ —
SURKCUT TN
c
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